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This study investigated the soil characteristics and vegetation dynamics of exotic 
plantations oiLophostemon confertus in Hong Kong. Four plantations, aged 12 (PI2), 
29 (P29), 39 (P39) and 46 (P46) years and developed separately on red yellow podzol 
and krasnosem, were selected for the study. The objectives are threefold: (a) to 
examine the growth status of plantations of Lophostemon confertus of different ages; 
(b) to investigate the ameliorative effects of the plantations on soils; and (c) to examine 
the recruitment of native species in the understorey. 
The overstorey of the plantations was dominated by Lophostemon confertus. 
Height growth, stem basal diameter (SBD)，diameter at breast height (DBH) and 
crown area of the species largely increased with age of the plantations. For instance, 
the average DBH of the dominant trees increased from 8.63 m in P12 to 16.09 m in 
P46. Conversely, the density of the trees decreased from 4,175 nos. ha'^  in P12 to 625 
nos. ha'i in P46 as a result of thinning, stem exclusion and natural dieback. As a 
pioneer species intolerant to shade, Lophostemon confertus seemed to grow faster in 
height than in SBD, DBH and crown area. 
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The soils of the plantations were strongly acidic, averaging 3.70-4.49 in pH. Soil 
organic matter (SOM) and total Kjeldahl nitrogen (TKN) fluctuated in the plantations. 
With the exception of P12 dominated by a continuous cover of fern {Dicranopteris 
linearis) on the forest floor, SOM increased steadily with age of the plantations. In the 
uppermost 5 cm layer, for instance, SOM amounted to 6.31% (P29), 6.49% (P39) and 
7.31% (P46). TKN followed closely the pattern of SOM and increased significantly 
from P29 (0.05-0.21%) to P39 (0.12-0.25%) and P46 (0.13-0.26%) in all the layers. 
Both SOM and TKN decreased with depth of the soils, being more prominent in P12 
and P29 than P39 and P46. The soils contained low levels of mineral nitrogen, 
available P and cation nutrients. Mineral nitrogen accounted for only 0.57-1.81% of 
the TKN in soils while NH4-N always predominated over NO3-N. 
Lophostemon confertus could facilitate the recruitment of native species. A total 
of 95 woody species, belonging to 41 families and 68 genera, were recorded in the 
understorey of the plantations. The number of tree species increased progressively 
with age of the plantations, in the order of 3 (PI2), 7 (P29), 18 (P39) and 28 (P46). 
Altogether, 38 tree species were recorded representing 9.7% of the total tree flora in 
Hong Kong. Species richness, diversity and evenness generally increased with age of 
the plantations. P12 and P29 were dominated by shade-intolerant species (e.g. 
Clerodendrum fortunatum, Melastoma sp., and Rhodomyrtus tomentosa) while P39 
and P46 were dominated by shade-tolerant species (e.g. Litsea rotundifolia, 
Psychotria asiatica, Tetracera asiaticd). The mid- to late-successional species of the 
Fagaceae and Lauraceae families, though few in individuals, were only represented in 
the older plantations of P39 and P46. 
The ecological role of Lophostemon confertus plantations was compared with 
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Acacia spp. plantations in Hong Kong. It was found that Lophostemon confertus 
plantations were inferior to Acacia plantations in the amelioration of soils，particularly 
SOM and TKN. This is expected because Lophostemon confertus, though a prolific 
litter producer, is a non-legume. However, the reverse was true in the recruitment of 
native species and native forest recovery. Specific problems pertaining to the 
ecological rehabilitation of degraded lands developed on intensely weathered granite 
as well as the management strategies of the Lophostemon confertus plantations were 
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Modern technology not only offers a more comfortable and convenient way 
of living, but also accelerates the degradation of natural environment. 
Ever-increasing populations and swelling of urbanization exert tremendous pressure 
on the natural resources. Mining, quarrying and timbering usually cause extensive 
and massive land disturbances which can be irremediable if not arrested, leaving 
permanent scars on the landscape. 
The severity of land degradation worldwide has already reached an alarming 
situation. The estimated annual rate of deforestation in the tropics increased from 
about 0.6% between 1976 and 1980 and to about 0.8% between 1980 and 1990 (FAO 
1993). The grim situation had not been improved as the area of tropical forests 
decreased 12.3 % between 1990-2000 (FAO 2000). 
Hong Kong has long suffered from the grave shortage of developable land. 
Within a total area of 1,101 km , 80% of the land is rugged and uninhabitable 
without some form of reclamation. As of to date, the seven million population and 
economic activities pose great demand of land for the infrastructure development of 
new towns, public housing, landfills, highways and public utilities. The proximity 
of countryside is unique worldwide, where the city-dwellers love fleeing to during 
holidays, thus increasing the likelihood of disturbance. Annually, about 300 hill 
fires are started by recreationists and grave worshippers (Chau and Leverett 1994); 
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they race out of control arresting ecological succession and depleting biodiversity. 
In the era of conservation-consciousness, ecological restoration is expected if 
not obligatory. Plantation is usually the major way to rehabilitate the disturbed 
landscapes, including degraded lands, landfills, abandoned quarry sites, erosion scars 
and fire-damaged areas. Trees are established to arrest further degradation by 
providing a protective cover against mass wasting, soil erosion and leaching, as well 
as improving aesthetic value. 
Ecological functions of the disturbed habitat are hopefully resumed to a 
considerable level by improving hostile site conditions such as soil nutrient status 
and microclimate. The ultimate goal of plantation is to attract the substantial 
colonization of once vanishing native flora and to stimulate the development of 
climax vegetation in order to conserve the native biodiversity. In the present study 
the plantation forest of Lophotstemon confertus is investigated, with special emphasis 
on stand characteristics, soil cover properties and understorey invasion of native 
species. 
1.2 Afforestation in Hong Kong 
Hong Kong is one of the earliest tropical examples of large-scale 
afforestation for environmental purposes. The first local record of tree planting can 
be traced back to 1871 (Ford 1873). The project was rather small in scale and 
confined to the greening of urban fringe and barren hills on Hong Kong Island. 
Large-scale afforestation project began in the early 1900s for soil erosion control in 
water catchment area (Daley 1970). 
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Pinus massoniana was the most popularly used native species because it can 
survive even in those sites where nothing else would grow. Other plantation species, 
mainly exotic, were later introduced and added to the planting list, including 
Lophostemon confertus (previously Tristania confertd). Eucalyptus sp., Casuarina 
equisetifolia and Melaleuca quinquenervia (previously Melaleuca leucadendron). 
Native species were also tried with little success. 
The Japanese occupation of Hong Kong from 1941-1945 was a disaster to the 
plantations. Suspension of firewood supplies from the mainland were caused acute 
shortage of fuel. Most plantations were logged for timber and fuel leading to 
almost total destruction of the local forests. Shortly after the war, the government 
initiated an extensive reforestation programme to rehabilitate the devastated 
countryside. The objectives of planting were to protect the soil and to conserve water 
resource in anticipation of a rising population resulting from the influx of emigrants 
after the war. The two largest inland reservoirs, Tai Lam and Shek Pik, were built in 
the 1950s on previously devastated valleys. Trees were planted to revegetate the 
catchment areas to prevent soil erosion and silting of the reservoirs. Pinus 
massoniana constituted more than 80% of the species planted, through pit-planting 
and seed broadcasting. The other broadleaf species of Lophostemon confertus. 
Eucalyptus robusta, Casuarina equisetifolia. Acacia confusa and Melaleuca 
quinquenervia were also grown to supplement firewood and timber supply besides 
their ecological functions (Robertson 1953). Private forestry was encouraged to assist 
the action but without success. 
With enactment of the Country Park Ordinance in 1976, 40% of the territory 
was designated as country parks fulfilling the objectives of conservation, education 
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and recreation. The forestry policy was readjusted to fiilfil the long-term objectives 
of conserving soil and water resources, rehabilitating fire-damaged areas, improving 
the visual impacts of landfills and erosion scars, conserving wildlife and habitats, and 
accelerating ecological succession (AFD 1988). 
The importance of Pinus massoniana declined after a century of dominance. 
Nearly all the Pinus massoniana plantations were destroyed by the pests of Pine 
Needle Scale {Hemiberlesia pitysophila) and Pinewood Nematode {Bursaphelenchus 
xylophilus). These pests could hardly be controlled by chemicals and the only 
remedial measure was by clearfelling and burning of the infected logs. Pinus ellioittii 
was later introduced as a substitute but the fate was similar. From 1970s to 1990s, 
there was a growing use of exotic broadleaves in Hong Kong's reforestation 
programme, among which Lophostemon confertus performed extremely well in the 
harsh environment. It has subsequently become the most popular non-pine 
afforestation species until the last decade (Corlett 1999). 
There has been a rise in the planting of native species since the early 1990s. 
This is necessitated partly by the failure of Pinus massoniana in monoculture 
planting and partly by the appeal of the 1992 Rio Summit to preserve biodiversity. 
After decades of establishment in Hong Kong, the ecological values of exotic 
monocultures have been challenged by Dudgeon and Corlett (1994) and Zhuang and 
Corlett (1996). Nowadays, polyculture has taken over as the only silvicultural 
practice in Hong Kong regardless of exotic or native species. 
The breakdown of species planted in Hong Kong from 1994-1998 is 
summarized in Table 1.1. All the saplings were propagated by AFCD's tree nursery at 
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Tai Tong, which explains the fluctuation in the percent (38.1-55.7%) of native 
species 
Table 1.1 Number of trees planted by Agriculture and Fisheries Department, 
1997-2001. 
Species Origin Year 
1997 1998 1999 2000 2001 
Acacia auriculiformis Exotic 31,321 32,500 35,000 42,850 23,000 
Acacia conjusa Exotic 26,160 98,047 27,700 45,500 25,500 
Catanopsis fissa Native 19,585 17,500 68,200 40,000 18,900 
Casuarina equisetifolia Exotic 1,950 14,700 47,850 35,350 36,600 
Eucalyptus torelliana Exotic 13,550 63,224 31,200 16,000 20,000 
Liquidambar formosana Native 10,710 30,243 22,000 20,100 17,100 
Lophostemon confertus Exotic 57,885 61,200 48,800 50,200 63,000 
Machilus brevifolia Native 18,600 9,500 18,200 14,400 9,900 
Melaleuca quinquenervia Exotic 300 --- 2,200 --- 3,000 
Pinus elliottii Exotic 3,500 5,800 9,700 25,500 ™ 
Other species 81,036 207,781 283,650 259,050 28,300 
Total 264,597 540,495 594,500 548,950 500,500 
Trees burnt in hill fires 18,600 92,100 17,800 7,700 18,850 
Native species (% total) 56 44 64 58 59 
Lophostemon confertus 22 11 8 9 13 
(% total) 
Source: Agriculture, Fisheries aiid Conservation Department (2001). 
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reforested annually. Native seed sources and supply, as well as their germination 
requirements are major obstacles to the steady production of seedlings. Equally 
notable is the importance of Lophostemon confertus in local planting. The species 
accounted for 22% (1997)，11% (1998)，8% (1999)，9% (2000) and 13% (2001) of 
the total number of species planted in AFCD's reforestation programme. In 1997 
and 1998, it was even the most important single species yet as aforesaid, it was 
mixed with other exotics or natives in polyculture planting. Given its long history 
of planting, the importance of Lophostemon confertus in Hong Kong's exotic 
woodland plantations should not be underestimated. 
1.3 Conceptual framework of the study 
Large areas of the world's tropical forests are degraded and plantations are 
established to compensate for the loss. During the past decade, the global forest 
plantation area has increased by an estimated 32 million ha while the area of natural 
forests has declined by 126 million ha (Carnus et al. 2003). Hong Kong is no 
exception where exotic species are usually planted due to promising success on the 
degraded lands. The role of exotic plantations on ecosystems has been examined 
worldwide more in the context of industrial production (e.g. Bernardo et al. 1997, 
Lamb, 1998, Menalled et al 1998) than protection and conservation purposes (e.g. 
Camargo et al. 2002). As the principal aim of reforestation in Hong Kong has 
shifted from production to protection and conservation, greater attention is needed 
for the sustainable management of these plantations. This study is, therefore, 
prompted by the lack of information on the ecological aspects of Lophostemon 
confertus plantations in the territory and by the urgent need of a viable management 
strategy for these plantations. 
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Plantation forests occupy about one-third of the forested areas in Hong Kong, 
yet they were established without long-term trials before planting to evaluate their 
effects on the ecosystem. Once established, their growth characteristics, ecological 
roles and management implications are rarely reported in the literature. Of the 
scanty information available, there is a strong emphasis on floristic composition of 
the understorey vegetation (e.g. Chan and Thrower 1988，Zhuang 1997, Zhuang and 
Yau 1998，Chau and Au 2001) and soil properties of the plantations (Fung 1995, 
Tsang 1997, Zhuang and Yau 1999, Au 2001). Growth status of the reforested 
species, change of soil properties and re-colonization of native species with the age 
of plantations are least understood in the literature. Nowadays, Lophostemon 
confertus is used only in polyculture planting yet its ecological effects on the 
ecosystem still merits our attention. Is the continued use of Lophostemon confertus 
in rehabilitation planting justified when conservation is accorded top priority in our 
forestry policy? 
Species selection is an important concern in the rehabilitation of degraded 
landscapes. There are many reasons accounting for the dominance of exotic species 
in the local plantations, including readily available seed supply, well-known 
ecophysiological requirements, fast growth and well-tried nursery and silvicultural 
techniques. Despite these advantages, exotic plantations are widely criticized for 
their low biodiversity, simple structure, nutrient disorder and uncertainty in 
long-term ecological stability, especially when intensive monocultures are involved 
(Lugo 1997, Zech and Drechsel 1998, Carnus et al. 2003). Notwithstanding these 
drawbacks, the ability to regenerate under its own canopy is essential to perpetuation 
of the ecosystem. In this connection, Pinus massoniana (Chan and Thrower 1988) 
and Acacia plantations (Au 2001) are not sustainable themselves. They failed to 
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regenerate from seeds in the plantations aged from 5 to 35 years resulting in the 
absence of new generation seedlings. Instead, the understories of these plantations 
are dominated by a mixture of species including herbs, vines, shrubs and trees and 
the composition tends to vary with age of the plantations. There are also more tree 
species in the older plantations than the younger plantations. It is indeed a 
promising sign for the re-establishment of native forest provided there will be no 
further disturbance of the plantations. Both the pine and Acacias act as satisfactory 
nurse crops that can catalyze development of secondary native forests. After about 
50 years of establishment in Hong Kong, it is not known if Lophostemon confertus 
can regenerate itself in the monoculture plantations. The species is a prolific 
producer of seeds, which germinate easily under controlled conditions and grow 
extremely well in disturbed open sites. There is, however, a change of growth 
conditions underneath the canopy that can inhibit germination of the seeds. 
Development of the vegetation community after establishment of the exotic 
plantations can proceed in three directions (Lugo 1992). First, there is little or no 
colonization of native species, resulting in a self-sustaining exotic ecosystem 
provided that self-regeneration is possible. Second, the exotic community is 
replaced by the new generation of a native community. Third, both native and 
exotic species can regenerate and persist to grow mutually, forming a new ecosystem 
that consists of both types of species. The outcome of Lophostemon confertus 
plantations is anybody's guess although there is evidence to suggest that the 
40-year-old stand can support a diverse understorey (Zhuang and Yau 1998). 
Presently 14% of the land area of Hong Kong is covered by forests, which are 
characteristically patchy in distribution. While exotic plantations are employed 
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worldwide to facilitate the development of species-rich understories, the colonization 
of native species is a complex process (Chapman and Chapman 1996, Geldenhuys 
1997, Haggar et al 1997, Keenan et al. 1997, Loumeto and Huttel 1997, Parrotta et 
al. 1997a). According to Lugo (1997), it begins with a successful establishment of 
the planted trees that can modify the site condition. Then, an understorey is 
expected to develop when the plantation is protected from disturbance.- This 
understorey provides forest structure and food to attract the wildlife. Propagules in 
surrounding areas are dispersed into the plantations by the attracted wildlife. Most 
of the time, the planted species fail to regenerate under its own shade or become less 
dominant at the site, allowing other species to reach the canopy and reproduce. One 
most important determinant of successful restoration, therefore, is the presence of 
propagules in the proximity. This is reminiscent of the biogeography island concept 
described by Clements (1938), which states that invasion of a species is negatively 
correlated to the distance of its provenance. Indeed, the local plantations of 
Lophostemon confertus have been established at variable distances from different 
vegetation communities. Some of them are surrounded by semi-natural to natural 
secondary native forests (e.g. Tai Po Kau Nature Reserve) while others are relatively 
isolated (e.g. hill tops and badland areas). In Puerto Rico and India, the number of 
understorey species in plantations increased at a constant rate for approximately 30 
years (Lugo et al. 1993). In Hong Kong there is a lack of information on the 
systematic re-colonization of native species in the uneven-aged monoculture 
plantations. Will species richness and diversity in the understorey increase with the 
age of Lophostemon confertus plantations and why? Knowledge of this can 
broaden our understanding of the pathway of ecological succession in the plantation 
system. 
9 . 
In Hong Kong Lophostemon confertus was planted to revegetate different 
types of disturbed lands, including degraded lands, landfills, borrow areas and 
fire-affected slopes. Each of these degraded lands is different in the nature and 
severity of disturbance. There are three types of land disturbances with reference to 
the level of severity, namely vegetation disturbance, soil disturbance and soil 
destruction (Aber 1990b). Vegetation disturbance represents the mildest type of 
disturbance whereby the vegetation is only temporarily removed. One typical 
example is the fire-affected areas where the soil remains intact and contains abundant 
seeds, rhizomes, rootstocks and suckers. The vegetation can re-establish itself to 
the pre-burn level if the site is protected from further burning and the time for this to 
happen depends on serai development of the original vegetation. On the other hand, 
a site suffering from soil destruction is most difficult to restore because the soil 
profile is virtually destroyed resulting in the depletion of vegetation materials, 
organic matter and plant nutrients. In Hong Kong it is represented by the landfill 
sites, badlands, abandoned quarries and borrow areas, which are dominated by 
semi-weathered parent materials or skeletal soils of the original profile. While 
sources of biotic replenishment are deficient on these severely disturbed lands, can 
native species establish in the Lophostemon confertus plantations developed on 
borrow areas and badlands soils? Indeed, the species was used extensively to 
rehabilitate the badlands in the 1950s-1960s and the borrow areas in the 
1980s-1990s. 
Lophostemon confertus plantations may play a different role on fire-affected 
slopes. Vegetation succession in Hong Kong starts from bare ground or abandoned 
cultivation, through grassland, scrubland, and finally reaches its climax as forest. 
Bringing of this natural succession to the climax stage requires at least several 
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decades (Thrower 1984). Under the influence of recurrent fire, which amounts to 
300 occurrences annually, succession of the local vegetation is arrested at either the 
grassland or scrubland stage. To curb the spread of hill fire and accelerate forest 
development, it is a common practice to revegetate the newly burnt and grassy slopes 
with Lophostemon confertus. The species can likely intervene the natural 
succession of the original vegetation but the process and extent of intervention are 
least understood in the literature. 
On soil destruction site, Lophostemon confertus is employed as a pioneer 
species to protect and ameliorate the soil, especially the restoration of organic matter 
and nitrogen. With a capacity to fix atmospheric nitrogen. Acacia confusa, A. 
auriculiformais and A. mangium have been used with success in soil amelioration 
(Fung 1995, Tsang 1997) and the attraction of native species colonization (Au 2001). 
Lophostemon confertus is a prolific litter producer but as a non-legume, its ability in 
ameliorating the soil has not been investigated in the territory. Organic matter is not 
only a storehouse of nitrogen; it can also improve the physical, chemical and 
physical properties of the soil (Young 1987). In this connection, soil organic matter 
seems to accumulate faster than nitrogen in the Acacia plantations (Au 2001). It is 
not known if the same pattern also exists in the Lophostemon confertus plantations. 
Poor substrates are often a limiting factor to the successional development of 
vegetation on degraded lands. The decline in biological, chemical and physical 
properties of soil depends on the nature and severity of disturbances. While tree 
planting is regarded as a useful tool in soil restoration (Lugo 1992, Parrotta 1992), 
overseas experiences mainly deal with degraded pastures (Montagnini and Sancho 
1990, Fisher 1995), abandoned fields (Alriksson and Olsson 1995), deforested sites 
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(Aborisade and Aweto 1990, Ohta 1990) and industrial waste lands (Singh and Singh 
1999). On the other hand, the local restoration is targeted on fire-affected slopes, 
borrow areas, abandoned quarries, landfills and badlands. Overseas experiences of 
soil restoration by plantations are not necessarily applicable to Hong Kong. 
The need to restore soil productivity in severely degraded lands is overlooked 
in Hong Kong, primarily due to a lack of management strategy for our plantations. 
According to an estimate made by Bradshaw (1983), about 400 kg N ha'Vr'^ is 
required in the soil to support healthy forest growth in the tropics. The reserve of 
nitrogen in the top 10-15 cm soils is estimated at 225 kg ha'^  in the badlands and 
4,950 kg ha.i in the newly burnt areas. With a mineralization rate of less than 3%, 
nitrogen is undoubtedly a limiting factor to forest growth in the degraded lands 
(Marafa and Chau 1999). Indeed, the badland soils rehabilitated with Lophostemon 
confertus are strongly acidic in reaction, deficient in soil organic matter, nitrogen, 
phosphorus and cation nutrients (Tsang 1997). Soil improvement was detected 1-2 
years after establishment of the plantations yet the overall conditions are still 
sub-optimal to plant growth. There is a knowledge gap on the change of soil 
organic matter and nitrogen with the age of Lophostemon confertus plantations. As 
restoration of degraded lands requires the establishment of a self-sustaining soil-plant 
system, how long does it take to reach this stage? Knowing the nitrogen status of 
the soil is crucial not only to understanding the re-colonization of native species, but 
also the formulation of a viable management strategy for our plantations. 
Restocking or enrichment planting of native tree species underneath the plantation 
forests may be required in accelerating the recovery of native forest. The time of 
planting and choice of species would depend on nitrogen status of the soil. For 
instance, it is premature to introduce late-successional species when nitrogen in the 
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soil has not accumulated to the desired level. Since 1999, AFCD has started to 
convert some of the Acacia plantations to native forest through clearfelling of the 
overstorey and restocking with native tree species. Unfortunately, this has not been 
backed up with an inventory survey of the soil nitrogen capital and floristic 
composition of the understorey. 
The response of soil to burning is dependent on the intensity and frequency of 
fire (Grove et al. 1986). Fire results in the depletion of organic matter (Raison et al 
1985) and the loss of soil nutrients through leaching and volatilization (Binkley et al 
1992). It affects the nutrient budgets and cycling process of an ecosystem 
(Christensen 1987). In a local study, Marafa (1998) found that the fire-affected 
soils along the chronosequence of naturally regenerated vegetation contained 
adequate levels of organic matter and nitrogen, but were deficient in phosphorus and 
cation nutrients. As aforesaid, the soil conditions of a degraded site suffering from 
vegetation disturbance are superior to those of a site suffering from soil destruction. 
While Lophostemon confertus grows equally well on disturbed open sites after the 
passage of fire, will the ameliorative effects be more conspicuous than on the 
badland soils? 
1.4 Objectives of the study 
The study investigates the ecological roles of uneven-aged Lophostemon 
confertus plantations in Hong Kong, with special emphasis on structural 
characteristics of the reforested species, soil properties and understorey floristic 
composition. Four monoculture plantations of Lophostemon confertus, aged 12，29, 
39 and 46 years, are chosen for this study. It is reminiscent of a vegetation 
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chronosequence covering the different stage of growth of the species. A retrospective 
approach is adopted, which infers succession from a series of uneven-aged 
vegetation stands. Similar approach was also adopted by Gholz et al (1985), 
Alriksson and Olsson (1995), Chan and Thrower (1988), Keenan et al. (1997), Tsang 
(1997), Jaiyeoba (1998) and Au (2001). 
It is beyond the scope of the present study to address all the questions raised in 
section 1.3. The specific objectives are: 
1. To examine the growth and structural characteristics of Lophostemon confertus 
plantations of four different ages: 12，29, 39, 46 years old; 
2. To examine the soil nutrient status of the Lophostemon confertus plantations; 
3. To investigate the species richness, diversity and species composition of the 
understorey vegetation; 
4. To compare and contrast the role of Lophostemon confertus plantations on 
borrow areas and fire-affected slopes; and 
5. To discuss the management implications of protective plantations with reference 
to the recovery of native forests. 
1.5 Scope and significance of the study 
Since the mid-1990s, there is a growing interest in the study of plantation 
ecology in Hong Kong. With the exception of Au's study (2001) on uneven-aged 
Acacia plantations, majority of the studies focused on understorey composition of 
individual plantation. Structural characteristics and soil properties of the 
plantations are often ignored. There are two drawbacks in this approach. First, 
understorey composition is closely related to development of the overstorey structure 
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and soils. In the absence of this information, it is difficult to evaluate the process of 
re-colonization of understorey species. Second, the results obtained shall have 
limited practical value in forest management. In light of the need of proactive 
measures in accelerating the recovery of native forest, clearfelling and restocking the 
plantations with native tree species are necessary. It is difficult to make a wise 
decision when overstorey structural characteristics, soil nutrient status and 
understorey composition of a particular plantation are not available. The present 
study focuses on Lophostemon confertus plantations aged 12, 29, 39 and 46 years, 
covering the entire chronosequence of the species in the territory. The results 
obtained in this study are particularly useful in the practical management of these 
plantations, including their conversion to native forests through clearfelling and 
restocking. After about 50 years of growth in Hong Kong, we can also decide on its 
continued use or otherwise based on the findings. Of course, the findings shall add 
what else is known in the literature and help elucidate the role of the species in the 
successional development of the local ecosystem. 
Nowadays, ecological restoration is targeted at almost any kind of disturbed 
landscapes. Constrained by manpower and time, the present study shall focus on 
Losphostemon confertus established on fire-affected slopes and badlands. They 
represent the mildest and severest types of land disturbance in the territory. There is 
no reason why the results obtained are not applicable to other parts of south China 
where the environmental conditions are similar to Hong Kong. 
1.6 Organization of the thesis 
The thesis consists of six chapters. The first is an introductory chapter, which 
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outlines the background, reforestation history of Hong Kong, conceptual framework 
and objectives of the study. The significance and scope of the study are also 
highlighted. Chapter 2 describes the geographical setting of Hong Kong in general 
and the study sites in great detail. The criteria governing the selection of study sites 
are given. Chapter 3 examines the growth performance and structural 
characteristics of Lophostemon confertus in the plantations aged 12, 29, 39 and 46 
years. Growth differentiation of the different stands is explained. Chapter 4 deals 
with the soil characteristics and properties of the plantations, with special emphasis 
on the accumulation of organic matter and nitrogen. The effect of parent materials, 
antecedent land uses and plantation age will be addressed. Chapter 5 examines the 
floristic composition, diversity and richness of the understorey vegetation in each of 
the plantations. Comparisons will be made against relevant studies in the local 
environment. Native forest succession and biodiversity conservation are discussed. 
Chapter 6 is the concluding chapter, which summarizes the major findings and 
limitations of the study. The implications of these findings on ecological restoration 
and management prescription of the Lophostemon confertus plantations are discussed. 
Suggestions for future study are also given. 
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CHAPTER 2 
THE STUDY AREA 
2.1 Geographical setting of Hong Kong 
This chapter describes the climate, geology, soil and vegetation of Hong Kong 
in general and characteristics of the study area in details. Four plantations of 
Lophostemon confertus were chosen in the study, each different in geology, soil, 
vegetation, relief, aspect and antecendent land use. The biological attributes and 
ecological values of Lophostemon confertus are also described. 
2.1.1 Climate 
Situated within the tropics (114�10，E and 22°20'N), Hong Kong has a seasonal 
monsoon climate. The alternation of continental high pressure system and low 
pressure system gives Hong Kong distinctive seasonal changes. The weather is hot 
humid in summer from May to mid-September and cool dry in winter from 
November to February. Spring and autumn with shorter durations are transitional 
seasons between the two dominant monsoons (Chin 1986). 
Hong Kong has a mean annual rainfall of approximately 2,300mm, which is 
unevenly distributed throughout the year (Figure 2.1). About 80% of the rainfall is 
recorded between May and September, which is the active growing season. August 
is the wettest month with an average rainfall of 390 mm while January is the driest 
with only 23 mm. Annually, about five to six cyclones affect the territory and over 
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80% of them occur from May to November. Extreme rainfall and very strong winds 
are often associated with typhoons resulting in breaking and uprooting of trees (Chin 
1986). Other forms of precipitation include fog and mist from February to April. 
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Figure 2.1 Mean monthly rainfall and temperature in Hong Kong (1961-2001). 
The mean annual temperature ranges from 16°C in winter months to 29°C in 
summer months. Frosts occur infrequently in winter, which can cause damage to 
vegetation on high altitudes (Corlett 1992). The lowland area is frost free hence the 
growing season is all the year round. The mean annual sunshine is approximately 
1,950 hours, being highest in July and lowest in March. 
The cool dry season from mid-October to February coincides with Hong Kong's 
fire season. During this period, humidity can fall to below 50% rendering the 
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predominantly grass vegetation very combustible. Annually, an average of 300 hill 
fires race out of control in the countryside as a result of the dry weather conditions. 
In 2001 when fieldwork was conducted, the mean annual temperature was 
23.6�C which was marginally higher than the normal of 23�C from 1961-2001. 
However, the total annual rainfall of 3090 mm was nearly 40% higher than the 
normal (Figure 2.2). 
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Figure 2.2 Mean monthly rainfall and temperature in Hong Kong (2001). 
2.1.2 Geology 
Hong Kong is dominated by igneous rocks of Jurassic Period (Yanshanian 
tectonic movement) when large amounts of lava and ash erupted and huge granitic 
batholiths intruded underground (Peng 1986). The common rock types belong to 19 
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the Repulse Bay Volcanic Group which spread over the eastern peninsula of the New 
Territories, Tai Mo Shan, western Lantau Island and about half of Hong Kong Island 
to the south. The rocks, mostly rhyolitic and siliceous in chemical composition, 
consist of mainly volcanic tuffs with some lavas in the marginal areas. 
One-third of the territory, including the southern and western parts of the New 
Territories, northern Hong Kong Island and eastern Lantau Island, is dominated by 
granite outcrops. Granite has the same chemical composition as rhyolite but is 
more coarsely grained due to crystallization of the minerals underground. Its 
well-developed rectangular joints can facilitate the penetration of water leading to 
rapid chemical weathering of the rock (So 1986). 
Non-igneous rocks, only scattered in confined areas, are mainly associated with 
the Bluff Head Formation of the Devonian age, the Lok Ma Chau Formation of the 
Lower Carbiniferous age and the Port Island Formation of the Early Cretaceous age 
(Peng 1986). The Devonian fluvial sediments represent the oldest exposed rocks in 
Hong Kong, which can be dated back to 400 million years ago. 
2.1.3 Soil 
Hill soils constitute 80% of all the soils in Hong Kong and are classified as 
red-yellow podzol and krasnozem (Grant 1983). The red-yellow podzol belongs to 
the order of Ultisol, which is derived from granite and all other parent materials 
above 500 m. Under the influence of hot humid weather conditions, granite is 
easily weathered to form kaolinite and halloysite, which are typical 1:1 lattice clays. 
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The soil profile is well-developed with thin organic AO and mineral Al horizons 
overlying a bleached A2 horizon and a red, red yellow or yellow clay horizon. The 
soil is strongly acidic in reaction (pH lower than 5) as a result of severe leaching and 
dominance of exchangeable aluminum. Fertility level of the soil is low, especially 
when associated with gullying and badland formation. It therefore supports only a 
sparse vegetation cover which is poor in species composition. • 
Krasnozem belongs to the order of Oxisols and develops on volcanic parent 
materials below 500 m (Grant 1983). It has a red colour, granular structure and a 
poorly developed profile. Despite the high clay content, krasnozem has excellent 
physical properties in water transmission and air permeability. With a finer texture, 
krasnozem supports a denser vegetation (e.g. secondary forests) than red-yellow 
podzol throughout the territory. 
Overall, the hill soils in Hong Kong are medium- to coarse-textured, strongly 
acidic and contain relatively low levels of organic matter. They are deficient in 
nitrogen, phosphorus and potassium except where the land has been protected from 
disturbance for long period of time, such as the feng shui forests. 
2.1.4 Vegetation 
With a transitional climate between humid tropical and temperate maritime, 
Hong Kong has a diverse flora of 239 families, 1278 genera, 2723 species and 92 
varieties (Hong Kong Herbarium 1993). There are 390 native trees, representing 
192 genera and 67 families (Zhuang et al. 1997). 
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The hot humid climate of Hong Kong used to support a climax vegetation of 
semi-deciduous monsoon forest (Thrower 1970) or evergreen broad-leaved forest 
(Chang et a/. 1989). It was eradicated as a result of by human impacts in the 19th 
century (Daley 1970). 
Currently, the secondary vegetation consists of grassland, scrubland and 
woodland/forest. Without further human disturbance, ecological succession from 
grassland to scrubland will lead to the final dominance of forest. Plantations 
account for one-third of the existing forests. Since the 1950s, exotic species such as 
Lophostemon confertus. Acacia spp., Eucalyptus spp., Melaleuca quinquenervia and 
Pinus elliottii have been introduced to revegetate the degraded countryside, usually 
in the form of monoculture. Increasingly more native species are planted to 
conserve biodiversity and attract wildlife since the mid-1990s. 
Climax forests are now confined to remnants of montane forests that occur in 
steep and remote ravines above 500-550 m. The primary nature of the fragmented 
forests is best revealed in their floristic composition, abundant in the Fagaceae and 
the Camellia species, which is different from those found in secondary forests. Yet 
the presence of large and multi-trunked individuals indicates human disturbance of 
these forest patches in the past (Dudgeon and Corlett 1994). 
Remnants of the climax forest are also represented by the ieng shui woods that 
are found behind or in close proximity to Hakka villages in the New Territories. 
They are preserved by the indigenous people in accordance with the principles of 
feng shui, a Chinese system of geomancy. Chu and Xing (1997) recorded 450 
species of vascular plants within these forests on 0.06% of Hong Kong's total land 
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area. Despite the high floristic diversity, they are similar in species composition to 
the secondary forests (Zhuang and Corlett 1997). 
2.1.5 Characteristics of Lophostemon confertus 
Lophostemon confertus, previously known as Tristania conferta, is an evergreen 
tree known by the common name of Brisbane Box. It is originated at the coastal 
forests of subtropical eastern Australia but with limited distribution covering 
northern part of New South Wales and Queensland within 16°- 33° S (Jim 1990). 
The tree usually reaches 6-20 m under favourable conditions and up to 40 m in its 
native habitat (Thrower 1988). 
Lophostemon confertus belongs to the Family Myrtaceae, the same as the 
popular plantation tree Eucalyptus. Although the fast growing tree prefers deep, 
fertile and clayey soils, it is drought resistant and tolerates infertile soils. The 
straight and durable trunk of Brisbane Box makes it a renowned timber tree for 
construction, wood pulp and sometimes windbreaks (Department of Agriculture, 
Government of Western Australia 2002). 
Lophostemon confertus was introduced to Hong Kong in the late 19th century to 
revegetate the barren hills (Price 1877, Hennessy 1881). Compared with other 
exotics, Lophostemon confertus is considered as the most successful afforested 
species and has became the most commonly planted non-pine species on degraded 
lands in Hong Kong (Corlett 1999). As the tree flowers and fruits abundantly, 
stable seed source facilitates extensive afforestation in the territory. 
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2.2 Site Selection 
One most important criterion in this study is the selection of representative 
uneven-aged Lophostemon confertus plantation sites. According to records held by 
AFCD, the oldest plantations were established either on barren or grassy slopes in 
the 1950s. Attempts were made to select the most appropriate sites at 10-year 
intervals, wherever possible, to cover the different growth stages of the species. 
Other factors such as geology, soil, and antecedent land use were also considered 
during the selection process. 
Difficulties were encountered in the process notwithstanding assistance 
provided by AFCD. Planting records held at the management centres of AFCD are 
incomplete as a result of the long lapse of time and change of staff. Thus, the sites 
were selected according to available records and memories of AFCD's veteran staff 
on site. As monoculture planting has been discontinued in the last decade, sites 
younger than 10 years old are not available. 
The site selected should be at least 0.5 ha in area to minimize any edge effects 
in sampling. While sites with human and feral cattle disturbances were avoided, 
easy accessibility was a consideration. 
Four monoculture plantations of Lophostemon confertus aged 12, 29, 39 and 46 
years were selected for this study (Figure 2.1). They are designated hereafter as 
PI2，P29, P39 and P46 in the thesis. With the exception ofP46, the other sites had 
been influenced by fires of different magnitude and frequency in the past and 




























































































































































































































regime on a site is very complex and with the exception of PI2, the fire history of 
these sites is largely conjectural. 
The first site (PI2) is located in Shing Mun Country Park^ in south New 
Territories. It occupies a relatively open slope at an elevation of 370-400 m with a 
northeasterly aspect (Table 2.1). Hill fire had arrested successional development of 
the area at the grass stage in the early 1980s. The entire area was reforested with a 
mixture of Acacia confusa and Lophostemon confertus in 1984-1986, after opening 
of the forest track. The vegetation was burnt by fire in 1987-1988, after which 
grasses and shrubs resumed their dominance. It 1989, the area was reforested with 
Losphostemon confertus under the Community Tree Planting Scheme. The site is 
underlain by volcanic rocks, which weather to form Krasnozem. Owing to 
incomplete weathering of the parent materials, the soil is relatively thin and skeletal 
in nature. With a gradient of 15®, it is steepest among the study sites (Plate la). It 
has a continuous understorey dominated by the fern Dicranopteris linearis. 
1 Since 1976, forty percent of the land area of Hong Kong have been designated as country parks 
fulfilling the objectives of conservation, recreation and education. They are protected from 










































































































































































































































































































































































The second site (P29) and third site (P39) are both situated in Tai Lam Country 
Park in southwest New Territories. The original landscape was a badland dissected 
by deep rills and gullies, typical of the hilly topography in South China. The 
underlying soil is red-yellow podzol derived from granite, which is strongly acidic in 
reaction, heavily eroded and deficient in plant nutrients. It used to support a sparse 
vegetation of grassland intermingled with isolated shrubs. High frequency fire, 
drought and poor soil conditions have reduced substantially the number of species in 
the community. To control soil erosion and accelerate forest development, 
rehabilitation planting of Lophostemon confertus was carried out separately in 1972 
(P29) and 1962 (P39). P29 sits on a southwesterly spur at 200-240 m, which is 
more open and drier than the ravine location of P39 with a northwesterly aspect at an 
altitude of 300-320 m (Plates lb & Ic). Soil crusting was observed in P29 but not 
in P39. 
The forth site (P46) is located in the Tai Po Kau Nature Reserve (TPKNR) in 
the central part of the New Territories. The forests at Tai Po Kau were inadvertently 
felled for timber and fuelwood during the Japanese occupation of Hong Kong from 
1941-1945. A massive reforestation programme was initiated immediately after the 
war to protect the soil and conserve water resource. It was subsequently designated 
as a special area under the Country Park Ordinance in 1976 and as of to date, the 
TPKNR is considered as one of the best preserved woodlands in the territory. The 
site under investigation was planted in 1955, representing one of the earliest 
Lophostemon confertus plantations ever established in Hong Kong (Plate Id). The 
plantation is surrounded by remnants of semi-natural woodlands that had 
re-established from natural regeneration after the war. Reminiscent of a 
biogeography island, there are signs of vigorous re-colonization of broadleaf natives 










































underneath this plantation (Nicholson 1996). The 135 million-year-old volcanic 
tuffs were weathered to form krasnozem, which demonstrates a good profile 
development. The soil is deficient in cation nutrients but contains a fairly high 
organic matter content. The plantation sits on a flat ground at an elevation of 180 m 
and is less than 2 km from the sea (Table 2.1). 
Situated within the boundaries of country parks and nature reserve, the 
plantations were established and managed by AFCD^ Saplings of Lophostemon 
confertus were propagated in the tree nursery of the then AFD^ up to a height of 0.5 
m. They were then pit-planted at 2 m spacing for P29, P39 and P46, and 1.3 m 
spacing for PI 2. The number of tree saplings planted was estimated to be 2,500 nos. 
ha'i for P29, P39 and P46, and 5,900 nos. ha"^  for P12. Silvicultural practices were 
applied after planting, including weeding, beating up planting, fertilizing (twice per 
year in June and December respectively) and fire protection for the first two years. 
After 4-5 years of planting, pruning and thinning were carried out in all the 
plantations except P12 to improve growth quality and encourage invasion by 
bird-dispersed native trees and shrubs. It is not known why P12 had not been 
thinned. 
2 The then Agriculture and Fisheries Department (AFD) was renamed The Agriculture, Fisheries and 
Conservation Department (AFCD) with effect from V^  Januaiy 2000. 
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CHAPTERS 
STAND CHARACTERISTICS OF LOPHOSTEMON CONFERTUS 
PLANTATIONS 
3.1 Introduction 
One of the options for rehabilitating the degraded lands is by natural 
regeneration. A study of secondary forest in Hong Kong showed that native 
woodland habitat could be restored through natural succession (Zhuang 1993). The 
mechanism takes decades to restore productivity of the ecosystem hence is only 
possible where damage to the soil and biota is reversible without further disturbance 
(Lugo 1992). Thus, it is commonly accepted that tree planting is often the most 
important step in soil and vegetation restoration (Evans 1986). 
Species selection is a critical consideration in the establishment of a plantation. 
It depends on the plantation objective, species availability and site quality (Evans 
1986). Species suitable for ecological rehabilitation must be capable of reducing 
the rate of soil erosion and increasing soil fertility, thus ultimately accelerating 
natural successional processes and restoring devastated native ecosystems (Parrotta 
1992). 
Exotic tree plantations have been used worldwide to rehabilitate indigenous 
communities on degraded lands because of their likelihood of success (Lugo 1992). 
These exotic species are also pioneers in the successional ladder; they are 
characterized by deep and extensive root system, drought resistance, high 
temperature tolerance, and the ability to survive in harsh, dry and hot sites with 
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shallow and infertile soils (Jim 1993). Fast-growing exotics are therefore often 
preferred to slower-growing natives in ecosystem restoration. Indeed, exotics may 
play a key role in catalyzing the re-establishment of native species by moderating the 
harsh conditions of degraded sites and improving soil fertility. 
The plantations under investigation are dominated by monocultures of 
Lophostemon confertus. The drawbacks of monoculture are well known, including 
simplified stand structure, low stability, low resource use efficiency, low level of 
biodiversity and displacement of native species (Poore and Fries 1985, Lugo 1997). 
In addition, exotic monoculture plantations are susceptible to attacks of pathogens. 
One typical example is the monoculture of eucalypts on degraded hills in South 
China (Peng 1999). It is gradually replaced by mixed planting of serai and climax 
species to improve the wildlife habitat and landscape aesthetics (Menalled et al. 
1998). On the other hand, monocultures of Acacia confusa. Acacia auriculiformis 
and Acacia mangium were capable of restoring local ecosystem services and 
facilitating the re-establishment of native species in Hong Kong (Au 2001). 
The early plantations in Hong Kong were virtually destroyed during the 
Japanese occupation from 1941-1945. To reforest the barren slopes, several 
Australian broad-leaved species including Lophostemon confertus. Eucalyptus 
robusta, Casuarina equisetifolia and Melaleuca quinquenervia were extensively 
planted to balance the aims of protection and production in Hong Kong's forestry 
policy. 
Lophostemon confertus has a long history of usage in the territory yet 
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characteristics of the plantations are rarely examined in the literature. The only 
exception is Zhuang and Yau's (1999) study on the natural succession and soil 
characteristics of four local plantations, one of which was Lophostemon confertus. In 
their study, neither growth status of the tree nor characteristics of the uneven-aged 
plantations were analyzed in details. 
As an introduced species, Lophostemon confertus has a lifespan of 50-80 years 
under favourable conditions (Webb 1991). The plantations under investigation 
were established on previously combusted slopes dominated by a mixture of grasses 
and shrubs. It is not known if the residual vegetation and different soil types had 
any effects on the reforested species. 
In Hong Kong, grassland on degraded sites could develop into a closed-canopy 
secondary forest in the absence of disturbance over about 30-40 years (Zhuang 1993). 
The establishment of plantation provides a 'jump-start, succession to offer shade, 
modify microclimate and act as a cover for other species under extreme conditions. 
It acts as a 'nurse crop' for species-rich native forests by suppressing competing 
grasses, ameliorating soil and microclimate conditions, and by attracting 
seed-dispersal vertebrates (Lamb 1998, Lugo 1997, Parrotta et al. 1997b). For this 
to happen, we need to know the growth status of the plantations. 
Several sequential stages of forest stand development were described in the 
literature (e.g. Peet and Christensen 1987, Oliver and Larson 1996). Competition 
becomes intense with closure of the tree canopy. The slower growing, less vigorous 
individuals are not able to compete with the dominants in height or root growth and 
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will eventually die. This is the stem exclusion stage, and the survivors grow larger 
and express differences in height and diameter. It is followed by the transition and 
understorey initiation stage when gaps in the canopy will facilitate the invasion of 
new herbs, shrubs and trees. The steady state and old growth stage of a forest stand 
occurs when the overstorey trees gradually die off and become replaced by the 
understorey species. After being introduced to Hong Kong for half a century, what 
development stages have the Lophostemon confertus plantations reached with 
reference to their structural dynamics? 
In this chapter, the growth performance and structural dynamics of Lophostemon 
confertus in four uneven-aged plantations is investigated, with special emphasis on 
height, stem basal diameter, diameter at breast height and crown area. It provides the 
baseline information of Lophostemon confertus plantations needed for the 
formulation of a viable forestry policy in Hong Kong. Results obtained from this 
study will provide answers to the following specific questions: 
1. What is the growth status of uneven-aged Lophostemon confertus in the 
plantations? 
2. How will the density and mortality rate of Lophostemon confertus change with 
age of the plantations and what developmental stage has the species reached 
now? 
3. Will Lophostemon confertus regenerate under its own canopy and what are the 
implications for ecosystem rehabilitation? 
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3.2 Methodology 
3.2.1 Sample plots design 
An overstorey vegetation survey was conducted from July to early September 
2001. Within each of the study sites, a 0.2-0.3 ha working grid was delineated at 
the centre of the plantation. To minimize any bias arising from edge effects, the 
grid was demarcated at least 15 m from the plantation boundary. Four 10 m x 10 m 
sample plots were selected randomly inside each working grid for the systematic 
measurement of vegetation. Regarding the limited size and patchy distribution 
pattern of local plantation woodland, a total sampling area of 400 m^ was considered 
as adequate for overstorey vegetation studies as demonstrated by Zhuang (1993) and 
Au (2001). 
3.2.2 Tree density 
All reforested tree individuals, living and dead, within the sample plots were 
recorded. Tree densities of the four sites were compared after converting tree 
density to number of individuals per hectare. Crown density was estimated 
qualitatively as light, medium and dense according to the amount of shading of the 
crown cover (Loumeto and Huttel 1997). 
3.2.3 Tree growth parameters 
Tree growth parameters of all reforested tree individuals, living and dead, 
within the sample plot were recorded. Tree height was measured to the nearest 0.01 
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m either directly by measuring tape (< 5 m) or indirectly using the trigonometric 
principles (>5 m) in accordance with procedures described by Bonham (1989). 
Stem basal diameter (SBD) was recorded to the nearest 0.1 cm for all individuals 
while diameter at breast height at 1.3 m (DBH) was recorded to the nearest 0.1 cm 
only for the individuals with a height greater than 2 m. Both SBD and DBH were 
measured by using a vernier calliper or measuring tape. For trees forked below 1.3 
m height, the DBH of all the stems were measured and summed up to give the 
required value. Tree crown area was estimated by the crown-diameter method 
according to the formula of Muller-Dombosis and Ellenberg (1974): 
Crown area = 7i[(Di+D2)/4]2 
where Di and D2 were the crown diameters measured to the nearest 0.05 m by use of 
a measuring tape. 
3.2.4 Data processing and statistical analysis 
Statistical analysis was conducted by using the statistical package SPSS 10.0 
(for Windows). Data obtained from the selected plantations were entered to give 
the overall results of a particular site. Densities of planted trees were grouped as 
'living，or 'dead'. They were fiirther divided into sub-groups with tree height 
greater and smaller than 2 m. The height of dominant trees was calculated as the 
mean height of the tallest 20% of trees in each stand. It represents the height of the 
trees forming the upper canopy (Menalled et al 1998). Mean values, ranges and 
standard deviations for all tree growth parameters were given. 
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1.3 Results and discussion 
This section summarizes the growth characteristics of Lophostemon confertus in 
the four plantations. Comparison with other local plantations will be made where 
appropriate. 
3.3.1 Tree density and mortality rate 
According to the oral records provided by AFCD, tree saplings in the four 
plantations were planted at 1.3-1.5 m centre to centre. This would give a density of 
approximately 6,700-7,700 nos. ha]. Thinning and pruning was carried out 4-5 
years after planting to improve stand quality and to speed up forest development. 
There is therefore a decline in the density of living trees in the decreasing order of 
4,175 (PI2), 1,575 (P39), 1,525 (P29) and 625 nos. ha'^  (P45). All the trees were 
greater than 2 m in height (Table 3.1). In view of the substantial difference in tree 
density among the plantations, artificial thinning is unlikely the only contributory 
factor. 
Tree mortality refers to the number of dead individuals of Lophostemon 
confertus recorded during sampling. The causes are likely to include the results 
from intra-specific competition, typhoon and pest infestation. It varied from 18.5% 
(PI2) to 15.3% (P39) and 3.9% (P46) whereas in P29, no dead trees were recorded. 
As observed in the field, the species is vulnerable to attack by termites especially in 
the drier upland sites. The absence of any dead trees in P29 is beyond the scope of 
the present study although reduction in tree density usually occurs after canopy 
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CHAPTER 3 
STAND CHARACTERISTICS OF LOPHOSTEMON CONFERTUS 
PLANTATIONS 
3.1 Introduction 
One of the options for rehabilitating the degraded lands is by natural 
regeneration. A study of secondary forest in Hong Kong showed that native 
woodland habitat could be restored through natural succession (Zhuang 1993). The 
mechanism takes decades to restore productivity of the ecosystem hence is only 
possible where damage to the soil and biota is reversible without further disturbance 
(Lugo 1992). Thus, it is commonly accepted that tree planting is often the most 
important step in soil and vegetation restoration (Evans 1986). 
Species selection is a critical consideration in the establishment of a plantation. 
It depends on the plantation objective, species availability and site quality (Evans 
1986). Species suitable for ecological rehabilitation must be capable of reducing 
the rate of soil erosion and increasing soil fertility, thus ultimately accelerating 
natural successional processes and restoring devastated native ecosystems (Parrotta 
1992). 
Exotic tree plantations have been used worldwide to rehabilitate indigenous 
communities on degraded lands because of their likelihood of success (Lugo 1992). 
These exotic species are also pioneers in the successional ladder; they are 
characterized by deep and extensive root system, drought resistance, high 
temperature tolerance, and the ability to survive in harsh, dry and hot sites with 
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shallow and infertile soils (Jim 1993). Fast-growing exotics are therefore often 
preferred to slower-growing natives in ecosystem restoration. Indeed, exotics may 
play a key role in catalyzing the re-establishment of native species by moderating the 
harsh conditions of degraded sites and improving soil fertility. 
The plantations under investigation are dominated by monocultures of 
Lophostemon confertus. The drawbacks of monoculture are well known, including 
simplified stand structure, low stability, low resource use efficiency, low level of 
biodiversity and displacement of native species (Poore and Fries 1985, Lugo 1997). 
In addition, exotic monoculture plantations are susceptible to attacks of pathogens. 
One typical example is the monoculture of eucalypts on degraded hills in South 
China (Peng 1999). It is gradually replaced by mixed planting of serai and climax 
species to improve the wildlife habitat and landscape aesthetics (Menalled et al. 
1998). On the other hand, monocultures of Acacia confusa. Acacia auriculiformis 
and Acacia mangium were capable of restoring local ecosystem services and 
facilitating the re-establishment of native species in Hong Kong (Au 2001). 
The early plantations in Hong Kong were virtually destroyed during the 
Japanese occupation from 1941-1945. To reforest the barren slopes, several 
Australian broad-leaved species including Lophostemon confertus. Eucalyptus 
robusta，Casuarina equisetifolia and Melaleuca quinquenervia were extensively 
planted to balance the aims of protection and production in Hong Kong's forestry 
policy. 
Lophostemon confertus has a long history of usage in the territory yet 
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characteristics of the plantations are rarely examined in the literature. The only 
exception is Zhuang and Yau's (1999) study on the natural succession and soil 
characteristics of four local plantations, one of which was Lophostemon confertus. In 
their study, neither growth status of the tree nor characteristics of the uneven-aged 
plantations were analyzed in details. 
As an introduced species, Lophostemon confertus has a lifespan of 50-80 years 
under favourable conditions (Webb 1991). The plantations under investigation 
were established on previously combusted slopes dominated by a mixture of grasses 
and shrubs. It is not known if the residual vegetation and different soil types had 
any effects on the reforested species. 
In Hong Kong, grassland on degraded sites could develop into a closed-canopy 
secondary forest in the absence of disturbance over about 30-40 years (Zhuang 1993). 
The establishment of plantation provides a 'jump-start' succession to offer shade, 
modify microclimate and act as a cover for other species under extreme conditions. 
It acts as a 'nurse crop' for species-rich native forests by suppressing competing 
grasses，ameliorating soil and microclimate conditions, and by attracting 
seed-dispersal vertebrates (Lamb 1998, Lugo 1997, Parrotta et al. 1997b). For this 
to happen, we need to know the growth status of the plantations. 
Several sequential stages of forest stand development were described in the 
literature (e.g. Peet and Christensen 1987, Oliver and Larson 1996). Competition 
becomes intense with closure of the tree canopy. The slower growing, less vigorous 
individuals are not able to compete with the dominants in height or root growth and 
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will eventually die. This is the stem exclusion stage, and the survivors grow larger 
and express differences in height and diameter. It is followed by the transition and 
understorey initiation stage when gaps in the canopy will facilitate the invasion of 
new herbs, shrubs and trees. The steady state and old growth stage of a forest stand 
occurs when the overstorey trees gradually die off and become replaced by the 
understorey species. After being introduced to Hong Kong for half a century, what 
development stages have the Lophostemon confertus plantations reached with 
reference to their structural dynamics? 
In this chapter, the growth performance and structural dynamics of Lophostemon 
confertus in four uneven-aged plantations is investigated, with special emphasis on 
height, stem basal diameter, diameter at breast height and crown area. It provides the 
baseline information of Lophostemon confertus plantations needed for the 
formulation of a viable forestry policy in Hong Kong. Results obtained from this 
study will provide answers to the following specific questions: 
1. What is the growth status of uneven-aged Lophostemon confertus in the 
plantations? 
2. How will the density and mortality rate of Lophostemon confertus change with 
age of the plantations and what developmental stage has the species reached 
now? 
3. Will Lophostemon confertus regenerate under its own canopy and what are the 
implications for ecosystem rehabilitation? 
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3.2 Methodology 
3.2.1 Sample plots design 
An overstorey vegetation survey was conducted from July to early September 
2001. Within each of the study sites, a 0.2-0.3 ha working grid was delineated at 
the centre of the plantation. To minimize any bias arising from edge effects, the 
grid was demarcated at least 15 m from the plantation boundary. Four 10 m x 10 m 
sample plots were selected randomly inside each working grid for the systematic 
measurement of vegetation. Regarding the limited size and patchy distribution 
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pattern of local plantation woodland, a total sampling area of 400 m was considered 
as adequate for overstorey vegetation studies as demonstrated by Zhuang (1993) and 
Au(2001). 
3.2.2 Tree density 
All reforested tree individuals, living and dead, within the sample plots were 
recorded. Tree densities of the four sites were compared after converting tree 
density to number of individuals per hectare. Crown density was estimated 
qualitatively as light, medium and dense according to the amount of shading of the 
crown cover (Loumeto and Huttel 1997). 
3.2.3 Tree growth parameters 
Tree growth parameters of all reforested tree individuals, living and dead, 
within the sample plot were recorded. Tree height was measured to the nearest 0.01 
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m either directly by measuring tape (< 5 m) or indirectly using the trigonometric 
principles (>5 m) in accordance with procedures described by Bonham (1989). 
Stem basal diameter (SBD) was recorded to the nearest 0.1 cm for all individuals 
while diameter at breast height at 1.3 m (DBH) was recorded to the nearest 0.1 cm 
only for the individuals with a height greater than 2 m. Both SBD and DBH were 
measured by using a vernier calliper or measuring tape. For trees forked below 1.3 
m height, the DBH of all the stems were measured and summed up to give the 
required value. Tree crown area was estimated by the crown-diameter method 
according to the formula of Muller-Dombosis and Ellenberg (1974): 
Crown area = 7C[(Di+D2)/4]2 
where Di and D2 were the crown diameters measured to the nearest 0.05 m by use of 
a measuring tape. 
3.2.4 Data processing and statistical analysis 
Statistical analysis was conducted by using the statistical package SPSS 10.0 
(for Windows). Data obtained from the selected plantations were entered to give 
the overall results of a particular site. Densities of planted trees were grouped as 
'living' or 'dead'. They were further divided into sub-groups with tree height 
greater and smaller than 2 m. The height of dominant trees was calculated as the 
mean height of the tallest 20% of trees in each stand. It represents the height of the 
trees forming the upper canopy (Menalled et al. 1998). Mean values, ranges and 
standard deviations for all tree growth parameters were given. 
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3.3 Results and discussion 
This section summarizes the growth characteristics of Lophostemon confertus in 
the four plantations. Comparison with other local plantations will be made where 
appropriate. 
3.3.1 Tree density and mortality rate 
According to the oral records provided by AFCD, tree saplings in the four 
plantations were planted at 1.3-1.5 m centre to centre. This would give a density of 
approximately 6,700-7,700 nos. ha]. Thinning and pruning was carried out 4-5 
years after planting to improve stand quality and to speed up forest development. 
There is therefore a decline in the density of living trees in the decreasing order of 
4,175 (PI2), 1,575 (P39), 1,525 (P29) and 625 nos. ha^ (P45). All the trees were 
greater than 2 m in height (Table 3.1). In view of the substantial difference in tree 
density among the plantations, artificial thinning is unlikely the only contributory 
factor. 
Tree mortality refers to the number of dead individuals of Lophostemon 
confertus recorded during sampling. The causes are likely to include the results 
from intra-specific competition, typhoon and pest infestation. It varied from 18.5% 
(P12) to 15.3% (P39) and 3.9% (P46) whereas in P29, no dead trees were recorded. 
As observed in the field, the species is vulnerable to attack by termites especially in 
the drier upland sites. The absence of any dead trees in P29 is beyond the scope of 
the present study although reduction in tree density usually occurs after canopy 
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closure. Keen competition of resources is common in the plantations; the faster 
growing trees can outgrow and eliminate the slower-growing, less vigorous 
individuals (Peet and Christensen 1987，Oliver and Larson, 1996). In this 
connection, increasing tree mortality in P39 (15.3%) is reminiscent of the thinning 
phase of forest development described by Peet and Christensen (1987). Unlike 
thinning carried out 4-5 years after planting, it is a self-regulatory mechanism of the 
forest system. It resulted in the dieback of overtopped individuals leaving a canopy 
gap with a patch of light and soil resources. Seedlings of the overstorey species 
may establish and already existing seedlings could increase in size. The declining 
tree death in P46 probably suggests the plantation has reached a steady stage 
whereby nursing effects of the overstorey species can be ascertained. This is further 
substantiated by a dense canopy structure of the plantation, which is made up of 
Lophostemon confertus and other native tree species. The invasion of native 
species in the understorey layer will be investigated in Chapter 6. 
Table 3.1 Tree density (nos. ha"^)of the plantations. 
Site Nos. of trees per hectare  
Living Height Height Dead Total 
<2m >2m  
PT2 4,175 0 4,175 ^ 5,125 
P29 1,575 0 1,575 0 1,600 
P39 1,525 0 1,525 275 1,800 
P46 625 0 625 25 650 
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3.3.2 Growth performance of Lophostemon confertus 
Tree height, stem basal diameter, diameter at breast height and crown area of 
Lophostemon confertus generally increased with age of the plantations (Table 3.2). 
For instance, height of the dominant tress increased progressively from 8.63 m (P12) 
to 10.82 m (P29), 15.78 m (P39) and 16.09 m (P46). A similar pattern was found 
for mean height of all the trees although the absolute values were reduced to 6.87-
12.67 m. This clearly indicates a differential height growth among the individual 
trees in each of the plantation, as a result of intra-specific competition and site 
quality variations. With the exception of P29, the dominant trees are about 26-29% 
taller than the rest in P12, P39 and P46. The finding is comparable to another study 
on the monoculture of acacias in Hong Kong (Au 2001). 
Stem basal diameter increased drastically from 8.9 cm in P12 to 23.4 cm in P27 
and peaked at 28.6 cm in P39 before dropping to 26.1 cm in P46 (Table 3.2). The 
drop in SBD between P39 and P46 is not consistent with height growth and crown 
enlargement of the same trees yet the same pattern occurred in DBH measurement. 
Indeed, DBH was in the increasing order of 6.3 cm (PI2), 18.6 cm (P27), 22.6 cm 
(P39) and 19.0 cm (P46). Although a high mortality of Lophostemon confertus was 
recorded in P39, it could have occurred earlier as die- back of the senile tree species 
is a gradual process. A drop in SBD and DBH from P39 to P46 is thus expected 
when only the living trees had been included in the measurement. 
Crown area of Lophostemon confertus also increased with age of the plantations, 
in the order of 1.84 m^ (PI2), 11.21 m^ (P29), 11.51 m^ (P39) and 14.56 m^ (P46). 
While the species is fast growing in height, canopy growth is partly suppressed by 
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the high stocking density of 5,125 ha"^  at P12. There is a six-fold increase in crown 
area between P12 and P29 before slowing down thereafter. The causes accounting 
for this drastic increase are likely to include thinning and pruning 4-5 years after 
planting as well as a high mortality rate of the species at PI 2. There would be more 
space for the crown to develop. While crown area remained relatively constant 
between P29 and P39, canopy growth seemed to pick up again at P46 where tree 
density had been drastically reduced to 650 nos.ha'V It further confirms the close 
relationship between available space and crown development in the plantations. It 
is not known if the crown area of the overstorey species will develop further 46 years 
after planting. Canopy growth of Lophostemon confertus is nevertheless different 
from the Acacias in local plantations, the canopy of which closed 5-6 years after 
planting (Au 2001). 
The distribution graph of tree height in the plantations is shown in Figure 3.1. 
Since distribution graphs of SBD, DBH and crown area followed the same pattern as 
tree height, they are not shown here. Growth distribution patterns differed among 
the plantations, being more widely dispersed in the older stands (P39 and P46) than 
the younger stands (P12and P29). This findings agrees reasonably well with that of 
Acacia plantations in Hong Kong in which height growth distribution was wider in 
stands aged 25-35 years than stands aged 5-14 years (Chau and Au 2002). The 
growth parameters within a stand tend to increase with age of the plantations, 
resulting in a wider distribution for the older stands. Within an even-aged 
single-species stand, trees would increase in size at a comparable rate during the 
early establishment stage. When the available growing space is occupied and 
becomes limited, the adjacent plants begin to compete with each other. Since plant 
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growth factors are rarely uniform within a stand, some trees must outgrow others and 
take away available light space of them be shading. The trees being outcompeted or 
dwarfed will then decline in growth. This between-site competition generally 
occurs around the time of canopy closure (Evans 1992). As a result, differentiation 
in growth widened in the old stands. 
3.3.3 Growth rate of Lophostemon confertus in the plantations 
An attempt is made here to elucidate the growth rate of Lophostemon 
confertus in the plantations. It is fairly safe to assume that at the time of planting 
the saplings of the species was 0.5m high, with an estimated SBD of 0.3cm. Table 
3.3 summarizes the increment of height, SBD, DBH and crown area from the time of 
planting to P46. 
Height growth of the dominant species was estimated to be 0.68 m yr"^  after 
an establishment period of 12 years. When all the species in a site was taken into 
account, it was reduced to 0.53 m yr"\ The corresponding values were reduced 
substantially to 0.22 m yr"^  and 0.17 m yr] from P12-P46. Likewise, SBD increment 
declined from 0.71 cm yr] (0-12 years) to 0.51 cm 12-46 years). The average 
height, SBD, DBH and crown area of P46 was 1.8-1.9’ 2.9, 3.0 and 7.9 times higher 
than that of PI2. This clearly suggests that Lophostemon confertus is a species that 
grows faster in height than it develops in SBD, DBH and crown area. This 
physiological property is typical of any pioneer, early successional species that prefer 
open site to shaded site. There is probably a high allocation of production to stem 
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the high stocking density of 5,125 ha'^  at PI2. There is a six-fold increase in crown 
area between P12 and P29 before slowing down thereafter. The causes accounting 
for this drastic increase are likely to include thinning and pruning 4-5 years after 
planting as well as a high mortality rate of the species at PI 2. There would be more 
space for the crown to develop. While crown area remained relatively constant 
between P29 and P39, canopy growth seemed to pick up again at P46 where tree 
density had been drastically reduced to 650 nos.ha'V It further confirms the close 
relationship between available space and crown development in 
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the high stocking density of 5,125 ha'^  at P12. There is a six-fold increase in crown 
area between P12 and P29 before slowing down thereafter. The causes accounting 
for this drastic increase are likely to include thinning and pruning 4-5 years after 
planting as well as a high mortality rate of the species at PI 2. There would be more 
space for the crown to develop. While crown area remained relatively constant 
between P29 and P39, canopy growth seemed to pick up again at P46 where tree 
density had been drastically reduced to 650 nos.ha"\ It further confirms the close 
relationship between available space and crown development in 
40 . 
the high stocking density of 5,125 ha"^  at P12. There is a six-fold increase in crown 
area between P12 and P29 before slowing down thereafter. The causes accounting 
for this drastic increase are likely to include thinning and pruning 4-5 years after 
planting as well as a high mortality rate of the species at PI 2. There would be more 
space for the crown to develop. While crown area remained relatively constant 
between P29 and P39, canopy growth seemed to pick up again at P46 where tree 
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and branch growth, thereby capturing aboveground growth space. Indeed, about 
half the ultimate height of the species is achieved within 12 years of planting (Table 
3.2). As a corollary of this, the species is potentially suitable for the ecological 
rehabilitation of disturbed open sites where sunlight is abundant and where the 
residual shrubs shall have no shade effect. 
3.4 Conclusion 
From the results of the present experiment, the following conclusions can be 
summarized: 
1. The overstorey layer of the plantations was dominated by the rehabilitated 
species of Lophostemon confertus. Height growth of the dominant trees 
increased progressively with stand age, from 8.63 m in P12 to 16.09 m in P46. 
SBD and DBH followed the same pattern, except for the 39-year-old stand. 
Crown area averaged 1.84 m^ in P12 but increased drastically to 11.21 m^ in P29 
before reaching the maximum of 14.56 m^ in P46. Growth differentiation of the 
stands tends to widen with age of the plantations, suggesting changes in the 
growth parameters during forest development. 
2. The density of living trees of Lophostemon confertus decreased from 4,175 
nos. ha'i in P12 to 625 nos. ha'^  in P46. It was probably due to the combined 
effects of artificial thinning, stem exclusion and factors alike. With a dense 
crown and large number of dad logs recorded, P46 has probably reached its 
steady state of growth. Mortality rate decreased in the order of P12 (18.5%) > 
P39 (15.3%) > P46 (3.9%) > P29 (0%). 
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3. Lophostemon confertus is a pioneer species that can provide a promising cover 
for the fire-disturbed slopes. It grows faster in height than SBD, DBH and 
crown area but cannot regenerate under its own canopy. The growth is unlikely 
to sustain after one generation, regardless of the differences in geology, soil and 
























































































































































































































































































SOIL CHARACTERISTICS OF 
LOPHOSTEMON CONFERTUS PLANTATIONS 
4.1 Introduction 
Soil resource is a dominant factor of ecosystem development determining the 
distribution and productivity of plant community. It provides anchorage and 
nutrients for plants, hence determines the success or failure of ecosystem restoration. 
Despite its importance, the restoration of soil productivity is often overlooked in 
many restoration projects. In Hong Kong, for instance, the same engineering and 
biological procedures are applied in rehabilitation planting without assessment of the 
fertility level of the disturbed soils. Soil amendment to assist recovery of the 
vegetation is considered a luxury. 
Apart from vegetation disturbance, conditions of the soils are also altered 
during land degradation. Natural and human disturbances lead to the deterioration 
of soil properties, such as extreme acidity, removal of organic matter, depleted 
nutrients, altered nutrient cycling, presence of toxins, and modified microbial 
population and activity. Soil destruction involving vegetation removal and loss of 
the top horizons, as in degraded lands and abandoned mine sites, is considered the 
severest type of disturbance (Aber 1990a, Aber 1990b). Without human 
intervention, vegetation succession can hardly re-initiate due to the hostile soil 
conditions. 
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Soil restoration in tropical ecosystems is a difficult and challenging task. 
The tropical soils are subjected to intense leaching, hence a large proportion of the 
nutrients is locked up in the aboveground biomass to prevent loss from the ecosystem 
(Mendham et al. 2002). Nutrients released from rapid breakdown of the organic 
matter are recycled efficiently in the plant-soil system. The capital reserve of 
nutrients in the soil is low, unless the ecosystem remains virtually untouched by 
mankind. The removal of vegetation cover accelerates erosion and soil loss, which 
further aggravates the infertility problem of the soils (Fang and Peng 1997). 
Ecological restoration of degraded tropical lands is often complicated by severe 
erosion of the soil under the high rainfall conditions. Species with a high degree of 
adaptation and independence are preferred in the rehabilitation of degraded tropical 
lands. In this regard, plantations of monoculture species have been used with 
success worldwide (Armstrong and van Hensbergen 1996). 
Soils and plants interact during ecosystem development. The soil 
ameliorative effects of plantations are well documented in the literature (e.g. Young 
1989, Montagnini et al 1995, Davidson et al 1998, Lee et al 2002). In the local 
environment in Hong Kong, monoculture Acacia plantations aged 2-35 years were 
capable of ameliorating soil organic matter and nitrogen (Fung 1995, Tsang 1997, Au 
2001). Soil fertility generally improves with age of the plantations yet the speed of 
improvement varies with species used and severity of the disturbance. As a 
storehouse of nitrogen, organic matter plays a pivotal role in soil fertility 
development. Soil organic matter (SOM) does not necessarily accumulate 
progressively in the successional ladder from grassland to shmbland and forest 
(Marafa and Chau 1999). However, there is usually a buildup of SOM with age of 
the plantations that are more uniform in stand structure compared to the 
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grassland-shrubland-forest vegetation gradient. For instance, SOM and nitrogen 
were found to increase progressively underneath the Norway spruce plantations aged 
20, 40 and 55 years (Alriksson and Olsson 1995). 
Plantations tend to accumulate more biomass and nutrients in the litter and 
soil over native forests, thus contributing a faster restoration of the soil fertility 
(Lugo 1992). The deep root systems of plantations can accelerate the buildup of 
SOM through enhancement of aboveground litter production (Lowry et al. 1988, 
Parrotta 1992). 
Nitrogen often is the most limiting nutrient in ecosystem development; it is 
required in large quantity for plant growth. As rock minerals contain no nitrogen, 
the nutrient is replenished through biological fixation, fertilizer input, dry deposition 
and precipitation. A minimum of 100 kg ha'^  of available soil nitrogen is required 
annually to sustain the growth of vegetation and in the humid tropics, this amount 
increased to 400 kg ha'' (Bradshaw 1983). The provision of nitrogen is pivotal to 
ecological restoration; it can either be added periodically from fertilizers or 
symbiotic fixation. Planting nitrogen-fixing species is considered a cost-effective 
approach as the system provides valuable nitrogen at no cost after plantation 
establishment. Dancer et al (1977) reported that at least 50 kg ha"^  of nitrogen was 
added to the degraded land by nitrogen-fixer. Lophostemon confertus is a 
non-legume that cannot fix atmospheric nitrogen. Yet the species can effectively 
protect the soil from erosion and help accumulate nitrogen brought by dry fall-outs 
and precipitation. It also provides an environment whereby the litter materials can 
break down and release the nutrients for biological cycling. This process, in turn, 
helps to conserve nitrogen in the plantation system. There is, however, a lack of 
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information on the accumulation of SOM and nitrogen in the uneven-aged 
Lophostemon confertus plantations. 
Plantations may also exert a negative effect on the soils, especially when the 
litter materials are poor in nutrient content (Cavelier and Tobler 1998). For instance, 
humus formed underneath conifer plantations is strongly acidic in reaction, which 
can slow down litter decomposition and the release of nutrients (Grieve 1978). The 
strong acidity is conducive to podzolization of the soil, resulting in leaching loss of 
base elements (Savill and Evan 1986). 
Zhuang and Yau (1999) had studied the soil characteristics of three local 
Lophostemon confertus plantations. One of the plantations was 40 years old while 
the age of the other two was unknown. The soils were acidic (pH 4.80) and 
contained 7.62 mg kg"^  organic matter and 2.32 mg kg"' nitrogen. Compared to the 
native species (Schima superba) plantation in the same study, the soils underneath 
the Lophostemon confertus plantations contained more organic matter, nitrogen and 
available phosphorus but less potassium. In fact, Acacia confusa plantations 
examined in the same study contained the highest levels of organic matter, nitrogen, 
available phosphorus and available potassium. The soil ameliorative effects of 
Acacia plantations can thus be established. Can Lophostemon confertus plantations, 
with a longer history of establishment than the Acacia counterparts, ameliorate the 
local soils? 
This chapter examines the characteristics and properties of the soils 
underneath the Lophostemon confertus plantations aged 12, 29, 39 and 46 years. 
Results obtained from this experiment will provide answers to the following specific 
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questions: 
1. What is the soil texture and pH of the plantations? 
2. Will there be a build-up of soil organic matter and total Kjeldhal nitrogen with 
age of the plantations? 
3. How will other soil nutrients including mineral N, available P and exchangeable 
bases change with age of the plantations? 
4.2 Methodology 
This section describes the methodologies of soil sampling, chemical analysis 
of the samples and statistical treatment of the data. Standard methods and 
procedures were adhered to throughout the study. 
4.2.1 Soil Sampling 
Soil sampling was conducted from August to September 2001. Systematic 
sampling along line transects was employed for this study. In P29 and P39, two line 
transects were set up 10m apart in the working grid located at each of the plantations 
(see Chapter 3). Ten sampling points at intervals of 5 m were earmarked on each of 
the line transect. With a different configuration, four transects were laid separately 
in P12 and P46 at 15 m intervals. Five sampling points were selected on each of 
these transects at 5 m intervals. There were 20 sampling points for each plantation 
site. 
From each sampling point, a bulked sample comprising three to four 8-cm 
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diameter cores was taken in order to reduce variability. These cores were chosen 
about 1 m away from each of the sampling points. Twenty samples were taken at 
two depths (0-5 cm and 5-15 cm) after removal of the surface litter. Among these 
20 sampling points, 5 more samples were systematically collected at 15-30 cm depth. 
Owing to the limitation of time and manpower, only 5 samples had been taken at the 
15-30 cm depth. Altogether, there were 180 samples covering four sites and three 
depths. 
4.2.2 Laboratory Analysis 
After returning to the laboratory, a portion of the fresh soil was immediately 
passed through 0.5 mm sieve and stored at 4+l°C for the determination of mineral 
nitrogen and available phosphorus. The remaining samples were then air-dried at 
room temperature, grounded and passed through 2 mm and 0.25 mm sieves 
respectively. The 2 mm sieved soil was used for the determination of pH, texture 
and exchangeable cations while the 0.25 mm sieved soil was used for the 
determination of organic carbon and total Kjeldahl nitrogen. 
4.2.3 Texture 
Texture was determined by the hydrometer method. Fifty grams of 2 mm 
air dry soil was mixed with 5% Calgon solution (sodium hexametaphosphate). The 
mixture was then stirred at high speed for 10 minutes and made up to 1,000 ml with 
tap water. Hydrometer readings were recorded at 4 minutes 48 seconds for the 
determination of silt and clay fractions, and at 5 hours for the determination of clay 
fraction (Grimshaw 1989). 
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4.2.4 Soil pH 
Soil pH was measured by mixing 15 grams of 2 mm air dry soil with distilled 
water at a soil: water ratio of 1: 2.5 (w/v). The mixture was shaken for 10 minutes 
and left to stand for 30 minutes. Soil pH was then measured with a glass electrode 
coped with the Orion Expandable Ion Analyzer EA 940. 
4.2.5 Organic carbon 
Organic carbon was determined by the Walkey-Black partial oxidation 
method (Walkley-Black 1934). About 0.5-1 gram of 0.25 mm air dry soil was used 
depending on the level of organic carbon content. Ten ml of 5% potassium 
dichromate solution and 20 ml of concentrated sulfuric acid were quickly added to 
oxidize the organic matter contained in the soil. After standing for 30 minutes, the 
mixture was then back titrated with 0.5M ferrous sulfate heptahydrate, using 
o-Phenanthroline-ferrous complex as the indicator. Soil organic matter (SOM) was 
estimated by multiplying the organic carbon content with a factor of 1.724 (Chaney 
and Swift 1984). 
4.2.6 Total Kjeldahl Nitrogen (TKN) 
The Kjeldahl digestion method (Bremner and Mulvaney 1982) was used to 
determine total nitrogen in the soil. One gram of 0.25 mm air dry soil was digested 
in 12 ml of concentrated sulfuric acid with one Kjeltab catalyst tablet containing 3.5g 
K2SO4 and 0.4g CUSO4 in the Tecator DS20 digestor block at 340�C. The digested 
samples were cooled and distillated in the presence of excess alkali using the Tecator 
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Kjeltec 1026 automatic distillation unit. The free ammonia liberated in steam 
distillation was collected in a receiver containing excess boric acid and back titrated 
with 0.0 \M hydrochloric acid. 
4.2.7 Carbon: Nitrogen ratio 
The carbon: nitrogen ratio was obtained by dividing organic carbon content 
by the TKN content. 
4.2.8 Mineral nitrogen (NH4-N and NO3-N) 
Mineral nitrogen was determined colorimetrically, in accordance with the 
method suggested by Anderson and Ingram (1989). Ten grams of 0.5 mm sieved 
fresh soil was extracted with 2 M potassium chloride. After shaking for one hour, 
the extract was filtered through Whatman 6 filter paper before being subjected to 
flow injection analysis. 
For the determination of NH4-N, the filtrates were injected into a carrier 
stream of IM potassium chloride and mixed with 0. \M sodium hydroxide. The 
joint stream passed along a membrane in a gas diffusion cell. The ammonia gas 
formed diffused through the membrane into a stream of ammonia indicator solution. 
NH4-N was detected colorimetrically at the wavelength of 590 nm. 
For the determination of NO3-N, the pre-treated filtrates were injected into a 
carrier stream of O.IM ammonium chloride dissolved in 2M potassium chloride. 
The nitrate is reduced to nitrite in a cadmium reductor. On the addition of acidic 
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sulphanilamide and N-( 1 -Naphtyl)-ethylenediamine dihydrochloride from the 
merging streams, NO3-N was detected colorimetrically at the wavelength of 540 nm. 
4.2.9 Available phosphorus 
Molybdenum blue method (Tecator technical note) was employed for the 
determination of available P. Ten grams of 0.5 mm sieved fresh soil was extracted 
with \M ammonium lactate at pH 3.75. After shaking for 90 minutes, the extract 
was filtered through Whatman 6 filter paper. The filtrate was diluted with 0.5M 
hydrochloric acid and subjected to test by the molybdenum blue method using 
stannous chloride as reducing agent through flow injection analysis. Absorbance 
was measured at the wavelength of 690nm. 
4.2.10 Exchangeable cations 
0.5 g of 2 mm air dry soil was extracted with 100 ml of \M ammonium 
acetate at pH 7.0. After shaking for one hour, the extract was filtered through 
Whatman 6 filter paper. The filtrate was then analyzed for exchangeable K, Na, Ca 
and Mg by using the Varian Spectr AA-300 Atomic Absorption Spectrophotometer. 
4.3 Data processing and statistical analysis 
The results were corrected for moisture and expressed on dry weight basis. 
The data were then entered into the SPSS (for Windows) statistical package for 
statistical analysis. Data were pooled for calculation of the means and standard 
deviations by sites and by soil depths. The statistical difference of each parameter 
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between sites was tested by Duncan's Multiple Range Test. Student's t-test was 
employed to test the statistical difference between layers of soil depths at 0-5 cm and 
5-15 cm. The significance level of all the tests was set at the confidence limit of 
p<0.05. 
4.4 Results and discussion 
This section describes the characteristics and properties of the soils 
underneath the Lophostemon confertus plantations. Comparisons will be made with 
relevant studies in the literature, including those in Hong Kong. 
4.4.1 Soil texture 
In the present study, the determination of soil textural class is based on the 
U.S. Department of Agricultural Classification System (Appendix 4.1). The soil 
textural class is a broad indicator of soil behaviour and various physical properties. It 
has profound effects on water-holding capacity, aeration and organic matter retention 
(Fisher and Binkley 2000). The texture of the soils under investigation was 
summarized in Table 4.1. 
Textually, the soils in the four plantations belonged to clay, clay loam, sandy 
clay loam, sandy clay and sandy loam (Table 4.1). Relatively little variations were 
found in the textural composition between the different layers of the same soil. 
Sandy clay loam was most dominant in P29, P39 and P46 while P12 was 
predominantly clayey. As such the soils in P29, P39 and P46 were relatively 
coarse-textured, with an average sand content of 45-63% compared to 29-32% for 
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P12. The reverse was true for silt and clay contents, which were highest in P12. 
Other factors being equal, the soils in P29, P39 and P46 are expected to drain better 
than P12. The influence of parent materials on soil texture has not been consistent 
among the four sites. P12 and P46 consisted of krasnozem derived from volcanic 
rocks yet their texture was dissimilar. It is not known if there had been substantial 
removal of the finer soil particles from P46 in the past, resulting in the daminance of 
sand. On the other hand, P29 and P39 were dominated by red yellow podzol derived 
from the weathering of granite. The resultant soils were equally sandy and belonged 
to sandy clay loam, except the 15-30 cm layer in P39. They also contained a 
relatively lower silt content than krasnozem derived from volcanic rocks, a finding 
similar to the Acacia plantation soils investigated by Au (2001). 
Table 4.1 Soil texture of the four plantatations (n=4). 
Site Soil depth Sand (%) Silt (%) Clay (%) Soil textural class  
P12 0-5 cm 32 29 39 clay loam 
5-15 cm 32 26 42 clay 
15-30 cm 29 25 46 clay 
P29 0-5 cm 63 11 26 sandy clay loam 
5-15 cm 56 12 32 sandy clay loam 
15-30 cm 58 11 31 sandy clay loam 
P39 0-5 cm 59 15 26 sandy clay loam 
5-15 cm 51 16 33 sandy clay loam 
15-30 cm 45 16 39 sandy clay 
P46 0-5 cm 61 21 18 sandy loam 
5-15 cm 62 17 21 sandy clay loam 
15-30 cm 62 15 23 sandy clay loam 
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4.4.2 Effects of Lophostemon confertus plantations on reaction pH 
Soil reaction is a major factor that determines the types of vegetation and 
flora composition of a particular landscape under natural conditions (Brady and Weil 
1996). It controls plant nutrient availability and influences other chemical 
properties and biological activities. 
As mentioned in Chapter 2, the geology of Hong Kong is dominated by 
granite and volcanic rocks. The resultant soils are acidic in reaction due to siliceous 
nature of the parent rocks and severe leaching of the base elements. The soils under 
investigation were no exception; they were strongly acidic in reaction pH ranging 
3.96- 4.48 (0-5 cm) to 3.70- 4.44 (5-15 cm) and 4.31- 4.49 (15-30 cm). The lowest 
pH range of 3.70- 4.49 was recorded in P29 (Figure 4.1). 
Vegetation itself contributes to acidity of the soils through the uptake of base 
nutrients and storage in the biomass (Edwards and Grubb 1982), root metabolism 
(Kimmins 1997)，and production of acidic humus during litter decomposition 
(Berden et al. 1987). Nitrogen mineralization can also acidify the soils (Folster and 
Khanna 1997). Thus the acidification effect of plantation on the soils has been widely 
reported in the literature (e.g. Yu and Zhang 1986，Wild 1993). Of course, pH of the 
soil can also be lowered by acidified rainwater that is widely experienced in Hong 
Kong. 
The strong acidity of the soils is a cause of concern at the ecosystem level. 
Under strongly acid conditions, the cations of K，Na, Ca and Mg are readily leached 
resulting in the dominance of Al and H ions on the exchange sites. Indeed, total 
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exchangeable acidity (Al + H) accounts for over 90% of the cation exchangeable 
capacity of the local soils (Marafa and Chau 1999). Strong acidity is sustained by 
hydrogen ions released from the hydrolysis of aluminum. The fern Dicranopteris 
linearis is an acid soil indicator plant so its presence in the plantations is indicative of 
a strongly acid soil characterized by high aluminum saturation and low fertility 
(Chau and Lo 1980). Thus, Lophostemon confertus is probably an efficient nutrient 
user that is tolerant of strong acidity in the soils. The recruitment of understorey 
species under this environment will be examined in Chapter 5. 
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Figure 4.1 Soil pH values of the four plantations (n=20 for 0-5 cm and 5-15 cm, 
n=5 for 15-30 cm). 
4.4.3 Effects of Lophostemon confertus plantations on SOM, TKN and mineral 
N 
Soil organic matter (SOM) plays a major role in the productivity of soils and 
is particularly important as a reservoir of nutrients for biota in strongly weathered 
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soils of the tropics (Coleman et al 1989). The accumulation of SOM is 
fundamentally a function of annual litterfall minus loss from decomposition (Fisher 
and Binkley 2000). 
SOM varied considerably with depths of the soil and, to a certain extent, age 
of the plantations within the range of 1.72-9.23%. With the exception of P12, SOM 
was higher in the older plantations than the younger plantation. For instance, in the 
uppermost layer SOM increased from 6.31% in P29 to 6.49% in P39 and 7.31% in 
P46 although the statistical difference was not significant (Figure 4.2, Appendix 4.3). 
A similar but significant increase was observed for the 5-15 cm and 15-30 cm layers 
in the same plantations. The youngest plantation PI2，however, recorded the highest 
SOM content of 9.23% (0-5 cm), 5.08% (5-15 cm) and 2.88% (15-30 cm). This 
finding is somewhat different from the Acacia plantations investigated by Au (2001)， 
in which SOM largely increased with age in the vegetation gradient. 
The understorey of P12 is dominated by a continuous cover of Dicranopteris 
linearis, which is a fern intolerant to shade. It is a pioneer species that can grow from 
spores and rhizomes on disturbed slopes or underneath the plantation with a light 
canopy. Annual dieback of the species contributes abundant litter materials to the 
forest floor. The herbaceous litter is nutrient-poor and difficult to break down 
resulting in a high organic matter content in the soil. Indeed, the organic horizon of 
P12 consisted of a thick mat of undecomposed litter of the fern. 
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Figure 4.2 Soil SOM values of the four plantations (n=20 for 0-5 cm and 5-15 cm, 
n=5 for 15-30 cm). 
As the canopy of Lophostemon confertus closed with age, there was a 
spontaneous change in crown density of the plantations from light (PI 2) to medium 
(P29) and dense (P39 and P46) (see Table 3.2). Being intolerant to shade, 
Dicranopteris linearis is gradually replaced by a mixture of broad-leaved species that 
are more nutrient-rich in their litters. Coupled with a favourable microclimate in the 
older plantations, the breakdown of litter materials is sped up resulting in a decline of 
SOM in the uppermost layer from 9.23% in P12 to 6.31% in P29. Thereafter, SOM 
increased gradually though not significantly with age of the plantations and peaked at 
7.31% in P46. Marafa and Chau (1999) also reported a decline of SOM from 
grassland to secondary native woodland in their study of successional development 
of the vegetation after fire. The build-up of SOM with age of the plantations from 
P29 to P46 agrees reasonably well with studies by Gholz et al. (1985), Chan and 
Thrower (1986), Alriksson and Olsson (1995) and Au (2001). Canopy development 
of the plantation, therefore, not only affects the composition of the understorey 
vegetation but also the accumulation of SOM. However, the relative contribution of 
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surface litter from the overstorey and understorey layers is beyond the scope of the 
present study. 
While SOM decreased with depth of the soils, its accumulation in the lower 
layers increased significantly with age of the plantations (Figure 4.2). In the 5-15 
cm layer, for instance, SOM increased steadily from 2.47% (P29) to 4.02% (P39) and 
5.23% (P46). This is consistent with the increase in the 0-5 cm layer yet the 
magnitude of increase was more conspicuous, indicating either a greater mixing of 
SOM between the layers or increased contribution from root decay. This is made 
possible by a steady supply of litter materials, above- and below ground, from 
uninterrupted growth of the vegetation. For this to happen stand development in P29 
through P46 could have proceeded without major disturbances, such as fire or felling. 
Uninterrupted growth of Lophostemon confertus can, therefore, contribute to soil 
development. 
TKN of the soils followed closely the pattern of SOM, being highest in the 
0-5 cm layer of P12 (Figure 4.3，Appendix 4.3). It fell back to 0.21% in P29 before 
rising again to 0.25% in P39 and 0.26% in P46. It appears the accumulation of TKN 
had reached its maximum level at P39 irrespective of a continued but insignificant 
increase in SOM. Intra-layer difference was again more conspicuous for the younger 
plantations (PI2 and P29) than the older plantations (P39 and P46). For instance, 
TKN content in the 15-30 cm layer of P12 amounted to only 8% of that contained in 
the 0-5 cm layer. The corresponding values for P29, P39 and P46 were 24, 48 and 
50%. 
The 5-15 cm and 15-30 cm layers of P12 contained only 0.03% TKN, 
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which was not consistent with the relatively high organic matter content of 
2.88-5.08%. It clearly shows that in young successional community dominated by 
the understorey of Dicranopteris linearis, the organic matter is probably poor in 
nitrogen content. 
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Figure 4.3 TKN of the four plantations, % (n=20 for 0-5 cm and 5-15 cm, n=5 
for 15-30 cm). 
Linear regression was performed to ascertain the relationship between TKN and 
SOM in the plantations and to assess the possible source of nitrogen. All the data 
from the three layers were pooled for the analysis so the number of observations was 
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equivalent to 45 per site (Table 4.2). All the regression coefficients (R ) were 
significant at p<0.001, indicating a strong relationship between TKN and SOM. This 
is expected because in unfertilized system SOM is the storehouse of nitrogen. 
However, the regression coefficient was lowest in P46 0.551), which implied 
that sources other than SOM had contributed to soil TKN in the site. The potential 
sources would include biological fixation, atmospheric deposition and lightning. As 
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nitrogen addition from deposition and lightning is unlikely to differ among the sites, 
a likely source is biological fixation by free-living bacteria in the soil-litter system or 
species of the Mimosaceae family {Archidendron clypearia and Archidendron 
lucidum) found in the site. However, the nitrogenase activity of the legumes is 
beyond the scope of this study. 
Table 4.2 Linear regression of TKN (%, y) with SOM (%, x). 
y = a + bx R2 SE 
P12 y = 0 . 2 1 0 + 0.058X 0.820 *** 
P29 y = 0.026 + 0.027x 0.604 *** 
P39 y = 0 . 0 3 8 + 0.032X 0.878 *** 
P46 y = 0.093 + 0.020x 0.551 *** 
The samples were pooled together in the analysis, hence n = 45. 
***p<0.001. 
Most plants absorb mineral nitrogen (NH4-N and NO3-N) from the soil for 
growth, the concentrations of which followed closely the pattern of SOM in the 
plantations. NH4-N predominated over NO3-N in all the soils because it is a substrate 
for nitrification. This finding agrees reasonably well with that of the local soils 
affected by fire (Marafa and Chau 1999), gullying (Tsang 1997) and underneath 
uneven-aged Acacia plantations (Au 2001). In the uppermost layer, the concentration 
ofNH4-N was in the order ofP12 (50.4 mg k g - �> P39 (31.7 mg k g . � P 4 6 (23.6 mg 
kg-i) > P12 (11.9 mg kg-i) (Figure 4.4，Appendix 4.3). It decreased with depth in the 
soils and the magnitude of decrease was greater in the younger plantations (PI2 and 
P29) than the older plantations (P39 and P46). For instance, NH4-N concentration in 
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the uppermost layer of P29 was 7.4 times higher than that of the 15-30 cm layer 
while the corresponding value for P46 was only 1.8 times. 
The pattern of NO3-N was different from NH4-N, being highest in P39 
instead of PI 2. In the uppermost layer, it decreased in the order of P39 (13.5 mg kg'^) 
> P12 (4.9 mg kg-i) > P46 (1.6 mg kg]), P29 (0.1 mg kg]). For the lower layers, 
however, the difference was insignificant among the plantations suggesting that 
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Figure 4.4 NH4-N (mg kg"^) of the four plantations (n=20 for 0-5 cm and 5-15 cm, 
n=5 for 15-30 cm). 
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Figure 4.5 NO3-N (mg kg'^) of the four plantations (n=20 for 0-5 cm and 5-15 cm, 
n=5 for 15-30 cm). 
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Figure 4.6 Total mineral N (mg kg" )^ of the four plantations (n=20 for 0-5 cm and 
5-15 cm, n=5 for 15-30 cm). 
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Mineral nitrogen of the soils underneath the Lophostemon confertus 
plantations differed from that of the Acacia plantations investigated by Au (2001). 
First, in the Acacia plantations aged 5-35 years, mineral nitrogen averaged 20.5-78.4 
mg kg-i (0-5 cm), 4.6-36.9 mg kg"^  (5-15 cm) and 2.3-33.9 mg kg"^  (15-30 cm). The 
corresponding values for Lophostemon confertus plantations were 12.0-55.3 mg kg'^ 
(0-5 cm), 2.9-23.2 mg kg'^ (5-15 cm) and 1.6-14.4 mg kg] (15-30 cm). .As Acacias 
are nitrogen-fixing species, a higher concentration of mineral nitrogen than 
Lophostemon confertus can be expected. Second, P29, P39 and P46 contained 
comparable amounts of SOM yet they differed in the concentrations of mineral 
nitrogen. This clearly suggests that besides SOM, nitrogen mineralization could also 
be affected by site factors. In this regard, the site quality of P29 seems to be poorest 
among the plantations. It contained the lowest levels of SOM, TKN and mineral 
nitrogen. The strong acidity of the soil could have suppressed the rate of nitrogen 
mineralization (Page et al. 2002, Page et al 2003) and its relationship with the 
recruitment of native species will be examined in the ensuing chapter. As nitrogen 
mineralization is most active in the surface layer (Woods 1989，Young et al. 1995), 
there was a likewise decrease of mineral nitrogen down the profile. 
NH4-N constituted 70-99% of the mineral nitrogen in the soils (Table 4.3). 
This is expected because NH4-N is primarily the substrate for nitrification. 
Furthermore, NO3-N is susceptible to leaching loss and preferred to NH4-N in plant 
nutrition. All these factors account for the low levels of nitrate in the soils, a finding 
also reported by Yau (1996), Tsang (1997)，Marafa (1998) and Au (2001) in the local 
environment. 
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Table 4.3 The percentage of NH4-N and NO3-N in total mineral nitrogen (0-5 cm). 
NH4-N and NO3-N in total mineral nitrogen in 0-5 cm layer (%) 
P12 P29 P39 P46 
NH4-N 91 99 70 94 
NO3-N 9 <1 30 6 
The majority of nitrogen is held in soils in organic forms. Plants can only 
utilize the inorganic forms of nitrogen released from mineralization. The rate of 
nitrogen mineralization is affected by temperature, moisture, aeration and soil acidity 
(Wild 1988). In the Lophostemon confertus plantations, mineral nitrogen accounted 
for 0.57-1.81% of the total nitrogen in the soils (Table 4.4). This range seems to 
agree reasonably well with the world's average of 1-3% (Brady and Weil 1996). 
Nevertheless, the lowest value was detected for P29 (0.57%) suggesting that nitrogen 
mineralization was relatively slow in this badland site. The ecological rehabilitation 
of badlands developed on granite will be discussed in the conclusion chapter. 
C:N ratio fluctuated substantially among the soils, averaging 14-89 (Table 
4.4). In general, the C:N ratios were lower and more consistent with depth in the 
older plantations (P39 and P46) than the younger plantations (PI2 and P29). It 
averaged 14-16 in P3 9 and P46 compared to the optimal range of 10-12 for tropical 
soils (Landon 1991). In P12 and P29, however, much wider C:N ratios were recorded 
for the 5-15 cm and 15-30 cm layers. This is due to the low levels of TKN contained 
in the soils. 
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Table 4.4 C:N ratio of the soils. 
C:N Ratio 
P12 P29 P39 P46 
0-5 cm 16(2) 18(5) 15 � 16(4) 
5-15 cm 89(5) 20 (12) 14(1) 16(3) 
15-30 cm 53(11) 32 (24) 14(1) • 15(1) 
4.4.4 Effects of Lophostemon confertus plantations on available P and 
exchangeable cations 
The soils contained appreciably low levels of available P, averaging 0-5.03 
mg kg-i (Figure 4.7 and Appendix 4.3). In the uppermost layer, available P was in the 
order of 5.03 mg kg-^(P39) > 4.14 mg kg^ (P46), 3.81 mg kg^ (PI 2) > 0.34 mg kg^ 
(P29). The trend for the lower layers was similar and there was a marked decease 
with depth of the soils. Furthermore, intra-layer difference was more conspicuous in 
the younger plantations (PI2 and P29) than the older plantations (P39 and P46), a 
trend similar to SOM and TKN. As SOM is the storehouse of phosphorus in 
unfertilized system, the concentration of available P in the surface soil is also 
expected (Wild 1988). 
P29 contained 0-0.34 mg kg"^  available P which was the lowest among the 
soils. Plants absorb orthophosphate anion for growth, which can be easily 
complexed by aluminum, iron and manganese ions in strongly acid soils (Brady and 
Weil 1996). With an average pH of 3.70-4.49, it is likely that a large amount of the 
phosphorus could have been complexed into unavailable form. Phosphorus 
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Figure 4.7 Available P (mg kg"^) of the four plantations (n=20 for 0-5 cm and 5-15 
cm, n=5 for 15-30 cm). 
The soils are deficient in exchangeable K, Na, Ca and Mg, which is common 
to most soils in Hong Kong (Figures 4.8 a, b, c & d). Overall, the concentrations of 
Ca and Mg were higher than K and Na. It is believed that these cation nutrients are 
actively recycled in the plantation ecosystems under the hot humid conditions and 
hence their storage in the soil is minimal. A greater variation was detected for Na and 
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Columns for each soil layer sharing the same letters are not significantly different (p<0.05) by the 
Duncan's multiple range test. 
Standard deviations are shown as error bars. 
Figure 4.8a Exchangeable K (cmol kg'^) of the four plantations (n=20 for 0-5 cm 
and 5-15 cm, n=5 for 15-30 cm). 
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Columns for each soil layer sharing the same letters are not significantly different (p<0.05) by the 
Duncan's multiple range test. 
Standard deviations are shown as error bars. 
Figure 4.8b Exchangeable Na (cmol kg"^) of the four plantations (n=20 for 0-5 cm 
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Columns for each soil layer sharing the same letters are not significantly d讲erent (p<0.05) by the 
Duncan's multiple range test. 
Standard deviations are shown as error bars. 
Figure 4.8c Exchangeable Ca (cmol kg]) of the four plantations (n=20 for 0-5 cm 
and 5-15 cm, n=5 for 15-30 cm). 
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Columns for each soil layer sharing the same letters are not significantly different (p<0.05) by the 
Duncan's multiple range test. 
Standard deviations are shown as error bars. 
Figure 4.8d Exchangeable Mg (cmol kg"^) of the four plantations (n=20 for 0-5 cm 
and 5-15 cm, n=5 for 15-30 cm). 
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Total exchangeable base (TEB) is the sum of exchangeable K, Na, Ca and Mg 
in the soil. The soils contained about 1 cmol kg] TEB in the uppermost layer and 
less than 0.4 cmol kg'^  in the lower layers, which was by any measure very low 
(Figure 4.9). This is expected as the clay size particles in the local soils are 
dominated by kaoHnite with limited exchange sites. Exchangeable Al usually 
dominates the cation exchangeable capacity resulting in a low base saturation. 
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Columns for each soil layer sharing the same letters are not significantly different (p<0.05) by the 
Duncan's multiple range test. 
Standard deviations are shown as error bars. 
Figure 4.9 Total exchangeable bases (cmol kg"^) of the four plantations (n=20 for 
0-5 cm and 5-15 cm, n=5 for 15-30 cm). 
4.4.5 Effect of Lophostemon confertus plantations on nutrient status of the 
soils 
One prime objective of plantation establishment on degraded lands is to 
restore soil productivity for the re-colonization of native species. It is difficult to 
assess the ameliorative effects of Lophostemon confertus plantations on the soils 
when a retrospective approach was adopted for the study. The properties and nutrient 
status of the soils at the time of planting were not known in the absence of a 
73 . 
zero-time approach. However, an indirect assessment of the nutrient status of the 
soils can still be made by comparing the results with (a) acceptable ratings of soil 
parameters, and (b) similar studies involving different species. 
The properties of the soils were compared against the ratings for tropical soils 
described by Landon (1991). Only the top 5 cm soil was included in the comparison 
because it was superior to the lower layers in most chemical properties (Table 4.5). 
With an average pH of 3.96-4.48, the soils are strongly acidic in reaction. Potential 
problems associated with these soils include aluminium toxicity, low base saturation, 
and phosphorus deficiency. Indeed, the soils are deficient in exchangeable K, Ca and 
Mg. Strong acidity and low cation nutrients are typical of the soils in South China, 
一一 
where soil erosion and land degradation are prevalent problems (Yu 1990, Li et al. 
/ — • 
1996). The hot humid conditions in this region also enhance weathering of the parent 
materials and leaching of soluble nutrients from the soils. On the other hand, SOM 
and TKN are adequate, especially in the older plantations of P39 and P46 where 
intra-layer differences in soil properties were smaller compared to P12 and P29. The 
� � - - . - —..—--
accumulation of adequate SOM and TKN is crucial to the invasion of the more 
nutrient-demanding native tree species (Chan and Chau 1999). This issue will be 
addressed again in Chapter 6. Rehabilitating fire-affected slopes with Lophostemon 
confertus undoubtedly improves organic matter and TKN contents of the soils. 
Evidence of soil development is also detected in the plantations aged 39 years and 
above resulting in a smaller difference in intra-layer properties. There is also 
evidence of soil acidification by the species, and the low levels of cation nutrients in 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The soils under investigation are as acidic as a wide range of soils in Hong 
Kong, probably due to the combined influences of geology, leaching, soil respiration 
and root metabolism (Table 4.6). Overall, the soils underneath Lophostemon confertus 
plantations recorded a higher pH (3.96-4.48) than underneath the Acacia plantations 
(3.99-4.26). Acidity is unlikely affected by age of the vegetation because soils 
underneath feng shui woods aged 200 years or more had a pH of 4.48. 
The plantation soils contained much higher SOM content (6.31-9.23%) than 
soils in the borrow areas (0.18-0.56%) and Pinus massoniana woodland (3.61%). 
Soils underneath Acacia plantations of comparable age, however, are richer in SOM 
and TKN contents. This is expected as Acacias have a capacity to fix atmospheric 
nitrogen. After establishment of 39 and 46 years, the soils under investigation 
contained 0.25-0.26% TKN compared to 0.23-0.28% for the fire-disturbed grasslands. 
Astonishingly, P12 recorded a TKN content of 0.36%, which is comparable to the 
feng shui woods. Overall mineral nitrogen content (12.02-55.29 mg kg"^) is lower than 
that of the Acacia plantations (20.48-78.38 mg kg]) but much higher than the borrow 
areas (2.85-7.08 mg kg"^). Exchangeable base is marginally lower than that of the feng 
shui woods and Acacia plantations. 
Nitrogen is the nutrient most often limiting the growth of non-leguminous 
plants in soils (Rending and Taylor 1989). Kendle and Bradshaw (1992) suggested 
that a minimum quantity of 1,000 kg N ha"' in the soil was required for self-sustaining 
vegetation. Can the plantation soils meet this requirement? To answer this question, 
the TKN values of the soils (0-15 cm) under investigation were converted to kg ha"^  
assuming a bulk density of 1.2 g cm'^ and compared to that of selected ecosystems 
(Table 4.6). Nitrogen capital in the soils amounted to 2,520 (PI2), 2,220 (P29), 
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3,420 (P39) and 3,840 kg ha"^  (P46), which are more than double the minimum level 
of 1,000 kg N ha-i. In addition, nitrogen capital in the soils largely increased with age 
of the plantations. 
Acacias can fix atmospheric nitrogen and tend to accumulate more nitrogen in 
the soil than non-nitrogen fixers. The soil nitrogen capital of Lophostemon confertus 
plantations is thus lower than the Acacia plantations of similar age. For instance, 
Lophostemon confertus aged 29-39 years yielded a soil nitrogen capital of 
2,220-3,420 kg ha] compared to 4,200-4,500 kg ha] iox Acacias aged 25-35 years. 
Table 4.7 Nitrogen capital (kg ha'^) of different forest ecosystems. 
Sites TKN (kg ha-i) 
^Lophostemon confertus plantation (P12) 2,520 
杯Lophostemon confertus plantation (P29) 2,220 
"^Lophostemon confertus plantation (P39) 3,420 
Lophostemon confertus plantation (P46) 3,840 
*Acctcia plantation (5 years)^ 600 
*Acacia plantation (6 years)^ 2,820 
*Acacia plantation (13 years)^ 1,980 
*Acacia plantation (14 years)^ 4,260 
^Acacia plantation (25 years)^ 4,500 
*Acacia plantation (35 years)^ 4,200 
Minimum N required for colonization of non-nitrogen fixing trees 800-1,000 
Minimum total soil N in conifer systems 1,753 
Maximum total soil N in conifer systems^ 7,110 
Minimum total soil N in deciduous systems^ 1,380 
Maximum total soil N in deciduous systems! 13,800 
丨 Au (2001) 
^Kendle and Bradshaw (1992) 
*Data were converted from % to kg ha"', assuming a soil bulk density of 1.2 g cm'^ . Calculations 
were undertaken for the 0-5 cm and 5-15 cm layers, and summed up to give the total values. 
Despite the difference, the accumulation of soil nitrogen in the Lophostemon 
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confertus plantations should not be underestimated because a local feng shui woods in 
Tai Om with a soil nitrogen capital of 3,150 kg ha"^  was capable of supporting a 
diverse vegetation (Chau 1999). 
4.5 Conclusion 
From the results of the present experiment, the following conclusions can be 
drawn: 
1. The four plantations were established separately on krasnozem (PI2 and P46) and 
red yellow podzol (P29 and P39). Sandy clay loam was most dominant in P29, 
P39 and P46 while P12 was predominantly clayey. 
The soils were strongly acidic in reaction, pH ranging from 3.96-4.48 in the 0-5 
cm layer, 3.70-4.44 in the 5-15 cm layer and 4.31-4.49 in 15-30 cm layer. The 
lowest pH was recorded in P29, ranging 3.70-4.49. Soil acidification occurred in 
all the plantations yet there was no discernible pattern with depths and age of the 
plantations. 
2. The soils varied substantially in SOM and TKN contents. PI2 recorded the 
highest levels of SOM and TKN among the plantations, probably due to the 
annual dieback of Dicranopteris linearis in the understorey. Thereafter, there was 
a gradual though insignificant increase of SOM with age of the plantations in all 
the layers. In the 0-5 cm layer, for instance, SOM amounted to 6.31% (P29), 
6.49% (P39) and 7.31% (P46). 
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Soil TKN followed closely the pattern of SOM, being highest in the uppermost 
layer ofP12. It increased steadily and significantly from P29 (0.05-0.21%) to P39 
(0.12-0.25%) and P46 (0.13-0.26%). Both SOM and TKN decreased with depth of 
the soil yet the magnitude of decrease was greater in the younger plantations (PI2 
and P29) than the older plantations (P39 and P46). 
3. The soils contained appreciably low levels of mineral nitrogen, available P and 
cation nutrients, none of which exhibited any discernible pattern with age of the 
plantations. NH4-N predominated over NO3-N, accounting for over 90% of the 
mineral nitrogen. Low availability of P (0-5.03 mg kg.�) was consistent with 
strong acidity of the soils. Total exchangeable bases (K, Na, Ca and Mg) 
amounted to 0.85-1.00 cmol kg"^  in the uppermost layer of the soils, typical of the 
low-activity clay of kaolinite. 
Overall, the soils underneath the uneven-aged Lophostemon confertus plantations 
were strongly acidic in reaction, contained adequate levels of SOM and TKN but 
were deficient in mineral nitrogen, available P and cation nutrients. The 
uninterrupted growth of the species from 29 to 46 years can augment SOM and 
TKN and contribute to soil development. 
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CHAPTER 5 
UNDERSTOREY VEGETATION OF 
LOPHOSTEMON CONFERTUS PLANTATIONS 
5.1 Introduction 
Plantations serve as a successional catalyst to suppress competition of weeds, 
attract seed-dispersal agents, and ameliorate soil and microclimate conditions (Lugo 
1997，Parrotta et al 1997a). Re-colonization of native species is expected after 
improvement of hostile site conditions. The successful use of plantations in 
rehabilitation of native forest depends on the establishment of native species in the 
understorey (Lugo 1992, Bradshaw 1993). Understanding the invasion of native 
species in the understorey of plantations is crucial to the formulation of a viable 
forestry policy. While plantations constitute about one-third of the forested areas in 
Hong Kong, there exists a knowledge gap in the status of understorey invasion 
underneath the Lophostemon confertus plantations. 
Most plantations are capable of modifying the physical and biological 
conditions of the site, and contribute to an acceleration of secondary forest 
succession (Hou 1954, Lovejoy 1985, Lugo 1988, Parrotta 1992, 1993, Parrotta et al 
1997b). There is usually an increase of species diversity in the understorey as the 
plantation matures. The understorey of young plantations is characterized by 
shade-intolerant species like grasses and herbs (Keenan et al 1997, Powers et al 
1997). These pioneers are soon eliminated after the canopy closure of plantation 
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trees. Seedlings of late-successional species, usually shade-tolerant, can establish 
under the occurrence of occasional canopy gaps. A change in floristic composition 
and structural characteristics of the undergrowth can, therefore, be expected during 
successional development of the restored community. 
Pinus massoniana is a native pine that had been widely used to reforest the 
barren hills in Hong Kong until the early 1970s. The species had established itself as 
a satisfactory shelter wood and nurse crop for the development of semi-deciduous 
forest dominated by native species (Chan and Thrower 1986). As a result of 
nematode infestation, it was gradually replaced by the exotic species oiLophostemon 
confertus, Pinus elliotti. Acacia confusa. Acacia auriculiformis and Acacia mangium 
(Fung 1995, Corlett 1999). 
The ecological value of exotic plantations is always a subject of debate. Exotic 
plantations are capable of rehabilitating indigenous tree communities in much the 
same way as native plantations (Chapman and Chapman 1996, Jussi et al 1995). The 
effect can be more prominent when species with a capacity to fix atmospheric 
nitrogen are used in the rehabilitation program. For instance, a total of 78 
understorey woody species representing 37 families was recorded in the local Acacia 
plantations aged 5-35 years (Au 2001). The flora consisted of 32% trees, 37% shrubs 
and 31% vines and most of them are commonly found in secondary forests. These 
uneven-aged Acacia plantations accumulated 600-4,500 kg N ha"^  in their soils, and 
this effect tended to increase with age of the stands. In this connection, the soils 
underneath the Acacia plantations aged 14 years and above contain as much nitrogen 
as those underneath the secondary forests and feng shui forests (Chau 1999). 
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In another study, Zhuang and Yau (1997) examined the understorey composition 
of Acacia confusa, Lophostemon confertus and Schima superba plantations. The 
Lophostemon confertus plantations recorded the highest number of invading species 
(49) but the lowest Shannon's Index (1.98). There was, however, incomplete 
information about the age of the Lophostemon confertus plantations. 
On the other hand, exotics are considered ecologically inferior to native species 
in the attraction of wildlife because of their less palatable fruits. The danger of exotic 
invasion and impacts to site conditions are also causes of concern, especially in 
degraded lands (Lugo 1988，Lugo et al 1993, Evan 1992). 
Birds and mammals play an essential role in the dispersal of native species. 
Animal seed dispersal is a predominant form of dispersal in the tropics (Wunderle 
1997). In Hong Kong, 76% of the indigenous tree and shrub species and 70% of the 
climber species bear vertebrate-dispersed fruits (Zhuang and Corlett 1997). For the 
understorey species of Acacia plantations, 89% have fleshy fruits and are 
bird-dispersed (Au 2001). It is not known if the Lophostemon confertus plantations 
under investigation produce understories as attractive to frugivorous birds as the 
Acacia counterparts. This kind of information can shed light on afforestation 
planning as birds carry seeds of other plant species in their guts, then increasing the 
diversity of the forests (Corlett 1992). 
Bird communities in local Lophostemon confertus plantations had been 
investigated by Kwok and Corlett (1997). It was found that the occurrence and 
species of birds recorded in the plantations were comparable to that of natural 
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secondary forests. Though the number of forest-associated species, the mean total 
bird density and the number of breeding species were higher in the secondary forest, 
the Lophostemon confertus plantations were still considered capable of enhancing 
bird diversity and abundance at sites where natural forest succession was slow or 
absent. 
This chapter seeks to investigate the species composition, abundance and 
diversity of the understorey layers of the Lophostemon confertus plantations, with 
special emphasis on factors favouring or inhibiting recruitment of native species. 
Results obtained from this survey will provide answers to the following questions: 
1. What types of understorey species can be found in the Lophostemon confertus 
plantations and how are they compared to other exotic and naturally regenerated 
forests? 
2. Will species richness and diversity of the understorey layer change with age of 
the plantations and how? 
3. How will overstorey structure of the plantations affect species composition of the 
understorey? 
4. What are the height and basal diameter growth characteristics of the understorey? 
5. What are the likely dispersal mechanisms of the dominant understorey species 
and how will specific environmental conditions affect the recruitment of native 




This section describes the procedures of vegetation survey of the understorey 
layers, including sampling plot design, measurements of growth parameters and data 
processing. 
5.2.1 Understorey plant sampling 
A floristic inventory survey of the understorey vegetation was conducted 
between July and early September 2001, the same period as that of the overstorey 
vegetation survey. Vegetation measurement was carried out in the 400-m^ sampling 
plot demarcated for overstorey tree survey (see Chapter 3，section 3.2.1). Due to 
the limitation of time and manpower, a nested 5 m x 5 m plot was demarcated inside 
(usually at the corner) each of the four 10 m x 10 m plots for understorey survey. 
Thus, the total sampling area amounted to 100 m^ per site, being similar to studies by 
Zhuang (1993) and Au (2001). 
All woody plant species including trees, shrubs and vines were identified and 
• 
recorded as they were more important in successional development of forest. 
Herbaceous plant species such as ferns, grasses and herbs were excluded in this study 
because they usually complete their life cycle within one year and survive in the 
form of resistant seeds during unfavourable seasons. Their presence during the 
survey does not represent their long-term existence. In addition, most herbaceous 
species exhibit inconspicuous characteristics making identification difficult. Finally, 
most common herbaceous species in Hong Kong develop small, dry seeds or fruits 
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dispersed by wind. On the contrary, wind dispersal is inefficient for the larger seeds 
of most woody species. So an inventory of the woody plant species is sufficient to 
evaluate the catalytic effects of plantations on native forest regeneration. 
The sampling area of the present study is considered adequate for the 
fragmenting nature of woodland in the territory (Zhuang 1993). Still there is the 
danger of bias towards the dominant species resulting in underestimation of the rare 
ones (Gof^et al 1982). The different flowering and fruiting time of the understorey 
species also cause underestimation (Au 2001). Therefore, one more visit was made 
to the sites in early January 2002 to search for any missing and unidentified species. 
During the visit, active searching of undocumented plant species was made both 
inside and outside the sub-plots by walking through the working grid for about an 
hour. The additional searching provides a more complete inventory of the 
understorey floristic composition of the plantations. 
5.2.2 Species identification and nomenclature 
Specimens unidentified in the field were collected for further identification. 
The collected specimens were first oven-dried at 65°C. The dried specimens were 
then refrigerated at -2°C for 2-3 days in order to kill the pests. The preserved 
specimens were identified by the herbarium of AFCD. The nomenclature of plant 
species followed primarily the latest version of Check List of Hong Kong Plants 2001 
(Hu et al 2001) published by AFCD. Additional information was also extracted from 
the older version of Check List of Hong Kong Plants (Hong Kong Herbarium 1993). 
Reference was also made to other floras including Chinese Medicinal Herbs of Hong 
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Kong Volume (vol. 1-8，Li et al. 1978-2000). For those unidentifiable species, a last 
effort was made to identify their belonging to genera or families instead. 
The life forms (e.g. tree, shrub, vine), fruit types (e.g. berry, capsule, drupe, pod, 
syconium) and seed dispersal mechanisms (e.g. birds, mammals, wind) of all the 
woody plant species were also determined with reference to the local literature 
(Corlett 1992, 1996, Zhuang 1993, Zhuang and Yau 1998). 
5.2.3 Plant growth parameters 
All woody plant individuals were counted in the survey, together with 
measurement of their height and stem basal diameter (SBD). The understorey 
standing crop was also estimated by measuring the basal area of all shrubs and trees 
with a diameter at breast height (DBH) greater than 2 cm. Measurements of the 
height, SBD and DBH were carried out in accordance with the procedures described 
in Chapter 3. 
5.2.4 Data processing and statistical analysis 
Data processing and analysis was performed using Microsoft Excel and 
statistical package SPSS 10.0 (for Windows). Understorey vegetation data obtained 
from each of the four 5x5 m^ sample plots were pooled to give the results of a 
particular site. 
Species richness was represented by cumulative number of species recorded at 
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any particular site including those found in plot survey as well as encountered in 
active searching. 
Species diversity comprising components of richness and abundance was 
quantified for each site by the Shannon index H, (Magurran 1988), 
H ' = -Z P/ln p, 
where p, is the proportion of individuals found in the /th species. 
Species evenness was represented by Shannon Evennesss E' of a. plantation 
which was calculated using the equation below (Pielou 1969), 
E，= H，llnS 
where / / ' is the Shannon Index and S is the number of species. 
Plant density (no. m'^), height (m) and SBD (cm) were calculated for each 
species found within the sample plots in each site. The importance values (I.V). of 
species in any plantation were calculated to indicate their distribution and abundance. 
It is defined as the summation of the three components below (Kent and Coker 
1992): 
„ , r J . Number of individual of species 
Relative density = xlOO 
Total number of individual 
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, . , . Dominance of a species * , ^^ 
Relative dominance = xlOO 
Dominance of all species 
„ , . ^ Frequency of a species , . . 
Relative frequency = 100 
Frequency of all species 
*Dominance of a species is defined as the mean cross-sectional area of trunk base per individual times 
the number of individuals of the species. 
5.3 Results and discussion 
5.3.1 Floristic composition of the Lophostemon confertus plantations 
A total of 95 understorey woody species, belonging to 41 families and 68 
genera, were recorded in the four plantations (Appendix 5.1). Among these, 80 
species were found within the four 100 m^ sampling plots and the remaining 15 
species were seen outside the plots. The composition of the species was made up of 
38 trees, 32 shrubs and 25 vines, which were by any measure more diverse than the 
understories of the six Acacia plantations with 29 shrubs, 25 trees and 24 vines (Au 
2001). Thus, 40% of the species were tree taxa, representing 9.7% of the total tree 
flora in Hong Kong (Zhuang et al 1997). Relatively more species were detected in 
another study on ten plantation plots aged 5-50 years (Zhuang and Yau 1998). The 
study found a total of 184 vascular species, belonging to 70 families and 139 genera. 
Forty-two percent of the species were tree taxa, which agrees reasonably well with 
the present study. The two exotic species, Lantana camara and Syzygium jambos, 
found separately in P39 and P46 were excluded in the discussion due to limited 
number of individuals and their irrelevance in the study. 
None of the understorey species recorded is protected under the Forestry 
Regulations of the Forests and Countryside Ordinance (Cap. 96) or listed as a rare, 
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threatened or extinct species of Hong Kong (Zhuang and Corlett 1996). All of them 
are wild growing and they are early-successional species commonly found in 
lowland secondary forests or plantation forests. The three most species-rich 
families are Euphorbiaceae, Myrsinaceae, Rubiaceae, Lauraceae and Myrtaceae, 
accounting for 11, 7，7, 7 and 5 species respectively (Table 5.1). Twenty-one families 



































































































































































































































































































































































































































































































































Compared to the family distribution of local lowland secondary forests 
investigated by Zhuang (1993), Euphorbiaceae, Rubiaceae, Lauraceae, Myrtaceae, 
Theaceae and Rosaceae are the dominant families common to both forests (Table 
5.1). It clearly shows that the plantations can attract the growth of a wide range of 
native species and that the growth environment is likely similar to that of lowland 
secondary forests of the same region. Other dominant families recorded in the 
lowland forests including Aquifoliaceae, Moraceae, Tiliaceae, Ebenaceae, and 
Melastomataceae, though under-represented, were also found in the present study. 
Among the ten most species-rich families in the Acacia plantations, seven 
were also found in the Lophostemon confertus plantations; namely, Euphorbiaceae, 
Myrsinaceae, Rubiaceae, Lauraceae, Smilacaceae, Theaceae and Rosaceae (Table 
5.1). Euphorbiaceae topped the list with 11 species underneath the Lophostemon 
confertus compared to Rubiaceae with 7 species underneath the Acacias. Lauraceae 
is a dominant family of tree taxa in the territory hence its dominance in the lowland 
secondary forests is expected. It was relegated to 4出 position with 7 species in the 
Lophostemon confertus plantations and 4 species in the Acacia plantations. What are 
the likely implications of this difference? 
The hot humid climate of Hong Kong used to support a climax vegetation of 
tropical evergreen broad-leaved monsoon forests (Thrower 1970, Wu 1980, Chang et 
al. 1989)，which had disappeared as a result of fire and cutting before the 19也 century. 
Archaeological evidence showed that about 6,000 years ago the dense forests were 
dominated by trees of the Lauraceae and Fagaceae families (Dudgeon and Corlett 
1994). This has not changed in the lowland secondary forests where Lauraceae and 
Fagaceae are still the dominant families, being followed by Euphorbiaceae, 
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Moraceae，Rubiaceae and the like (Zhuang 1993). Thus, the under-representation of 
Fagaceae，Lauraceae and Moraceae seems to suggest that the Lophostemon confertus 
plantations are still undergoing successional development. In this regard, the 
Lophostemon confertus plantations are closer to the Acacia plantations in family 
composition than to the lowland secondary forests. 
5.3.2 Species richness, diversity and woody abundance of the understorey 
The number of understory species increased with age of the plantations, in the 
ascending order of P12 (16)，P29 (31), P39 (44) and P46 (62). It confirms that 
Lophostemon confertus can catalyze the regeneration of native flora in monoculture 
plantations. Similar finding was reported for a wide range of exotic plantations in 
northern Australia (Keenan et al. 1997), South Africa (Geldenhuys 1997)，South 
China (Fang and Peng 1997) and Puerto Rico (Aide et al 2000). In the local Acacia 
plantations, the number of species also increased from 7 to 45 depending on age of 
the stands (Au 2001). 
Biodiversity emphasizes species richness and evenness (Odum 1971, Haggar 
1997). The Shannon indices largely increased with age of the stands, in the order of 
P29 (1.89)’ P12 (2.13), P39 (2.58) and P46 (3.00). As more species were recorded in 
the understorey of P12 than P29, the diversity index was neither sensitive to species 
richness nor species abundance. For instance, species richness increased steadily 
with age of the plantations, in the order of 16 (PI 2), 31 (P29)，44 (P39) and 62 (P46) 
regardless of difference in life forms (Table 5.2). On the other hand abundance of the 
understorey species did not necessarily increase with age of the stands; the total 
number of individuals was highest in P29 (947) instead of P46 (752) (Table 5.3). In 
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other words, although P29 recorded the lowest diversity index, the site was 
dominated by a few species with large number of individuals. These species included 
Rhaphiolepis indica (398), Rhodomyrtus tomentosa (201) and Phyllanthus 
cochinchinensis (148) (Appendix 5.2). Incidentally, Rhaphiolepis indica and 
Rhodomyrtus tomentosa are acid soil indicator plants abundantly found in South 
China (Hou 1954). In a similar study in Costa Rica, the Shannon indices were more 
sensitive to species abundance than species richness (Haggar et al. 1997). How is 
species diversity of the Lophostemon confertus plantations compared with other 
vegetation types in the territory? 
The Shannon indices of the local vegetation varied substantially from 
1.84-2.85 for uneven-aged Acacia plantations (Au 2001), to 1.30-2.66 for Acacia 
confusa, Lophostemon confertus and Schima superba plantations (Zhuang and Yau 
1998). Towards the upper end of the successional ladder, Shannon index reached 
2.53 for lowland secondary forests, 2.66 for montane forests and 2.99 iov feng shui 
woods (Zhuang 1997). The Shannon indices of P39 (2.58) and P46 (3.00) are, 
therefore, comparable to the Acacia plantations aged 25-35 years, as well as the 
lowland secondary forests, montane forests and feng shui woods. The high species 
diversity of P46 clearly suggests that uninterrupted growth oiLophostemon confertus 
is capable of creating a growth environment that can attract the recolonization of 
native species. Of course, the process is also aided by close proximity of the site to 
secondary lowland forests. What remains to be done is a decision to clearfell the 
overstorey and accelerate development of the understorey species into a forest. 
P29 was established on a previously eroded badland, the topsoil and 
vegetation matter of which were removed during gullying. As a soil destruction site, 
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it is most difficult to rehabilitate owing to the poor growth environment. The 
invasion of native species in the understorey could have been inhibited by strong 
acidity and low fertility of the soil. Species which are adapted to acid soils can, 
therefore, have a competitive edge over species that are sensitive to soil acidity. In 
addition, surface crusting of the soil can also deter the germination of seed invaders. 
The management of plantations established on badlands will be further addressed in 
the conclusion chapter. 
Shannon evenness E，increased steadily with age of the plantations, in the 
order of 5.43 (PI2), 7.53 (P29), 10.22 (P39) and 13.09 (P46), which fits in well with 
a likewise increase of species richness (Table 5.2). There is an improvement of 
species evenness during successional development of the understorey vegetation. 
Biodiversity reflects not only an increase in the number of species but also improved 
species richness of a site. Species evenness is as important as species richness but is 
often neglected in ecological studies. In high diversity habitats, individual species 
tend to be habitat specialists compared to their counterparts in regions of low 
diversity (Ricklefs 1990). 
According to Aide et al (2000), there was rapid increase in species richness 
and species density in natural forest regeneration on abandoned pastures in Puerto 
Rico. But up to the age of 40 years, the basal area, aboveground biomass, species 
richness and species density were statistically similar to those aged 80 years or more. 
This finding suggests that the rate of forest recovery will slow down and human 
intervention is necessary to enhance sustainability and biodiversity. Indeed, species 
richness among the different life forms did not increase uniformly with age of the 
plantations. For instance, the number of shrub species had increased from 8 in P12 to 
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16 in P29 but leveled off thereafter. The rising species richness between P39 and P46 
was achieved through steady increases in the number of trees and vines. It is not 
known if this trend can continue beyond the age of 46 as Lophostemon confertus is 
approaching the end of its life-span. Possible human intervention to accelerate native 
forest regeneration in P46 will be discussed in Chapter 6. 
Table 5.2 Species richness and diversity of the sites. 
Site Vn V73 ^ P46 
Species richness (no. of species) 
By life form 
Trees 3 7 18 28 
Shrubs 8 16 17 18 
Vines 5 8 9 16 
Total 16 3i 44 ^ 
Species diversity and evenness 
Shannon index, H' 2.13 1.89 2.58 3.00 
Shannon evenness, E' 5.43 7.53 10.22 13.09 
The number of individual plants recorded in the understorey fluctuated 
among the plantations, in the order of P12 (144), P39 (555), P46 (752) and P29 (947). 
With the exception of P29, it increased with age of the plantations (Table 5.3). Owing 
to a change in the growth environment, such as shade and soil nutrient status, each 
site was dominated by a few abundant species. With a light canopy density, the 
three most abundant species in PI2, Archidendron lucidum, Clerodendrum 
fortunatum and Rhodomyrtus tomentosa, accounted for 67.4% of the individuals 
(Appendix 5.2). These species are shade-intolerant hence they grow well in the 
relatively open canopy. Clerodendrum fortunatum and Rhodomyrtus tomentosa are 
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shrubs commonly found underneath the Pinus massoniana woodlands or on open 
slopes affected by fire. They could have been present in P12 at the time when 
Lophostemon confertus was planted. The abundance of the three most important 
species {Phyllanthus cochinchinensis, Rhaphiolepis indica and Rhodomyrtus 
tomentosa) was highest in P29, accounting for 78.7% of the total. It declined 
thereafter to 54.4% in P39 that was dominated by Archidendron lucidum, Embelia 
laeta and Psychotria asiatica. The small tree Archidendron lucidum was abundantly 
found in P12 and P39, suggesting that it was adaptable to a wide range of light 
conditions. On the other hand, the shade-tolerant shrub Psychotria asiatica was 
dominant in P39 and P46 (Appendix 5.2). The importance of the three most abundant 
species, namely Ardisia quinquegona, Castanopsis fissa and Psychotria asiatica, 
declined further to 44.7% in P46. Castanopsis fissa is an evergreen broadleaved 
species that occurs commonly in the lowland forests and feng shui woods. It is a 
prolific seed producer and the seedlings are tolerant of medium to heavy shade. More 
importantly, two out of the three most abundant species in P46, namely Ardisia 
quinquegona and Castanopsis fissa, are tree species whereas in the other plantations, 
shrubs tended to be dominant. In this connection, the relative frequency of shrubs 
declined from 62.5% in P12 to 45.8% in P29 and leveled off thereafter. The rising 
frequency of trees from 38.7% in P39 to 45.7% in P46 was, therefore, achieved at the 
expense of vines (Table 5.3). There was also an increase of mid- to late- successional 
species in P46, such as Machilus pauhoi, Lithocarpus glaber, Syzygium sp., 
Castanopsis fissa (Table 5.6 & Appendix 5.3). 
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Table 5.3 Abundance of the woody understories. 
Site P12 P29 P39 P46 
Basal area(m^ha^) 0.01 0.41 0.38 3.74 
Frequency of occurrence 144 947 555 752 
(total no. of individuals) 
Frequency % • 
By growth form 
Trees 28.5 44.6 38.7 45.7 
Shrubs 62.5 45.8 45.2 46.0 
Vines 9.0 9.6 16.1 8.3 
Total 100 100 100 100 
The basal area of the understorey is a sum of the dominance of all the species 
present. It increased from 0.01 m^ ha"^  in P12 to 3.74 m^ ha"' in P46. While there was 
little difference between P29 (0.41 m^ ha" )^ and P39 (0.38 m^ ha'^), it increased 
exponentially to 3.74 m^ ha'^  in P46. There are several implications pertaining to this 
finding. First, in this study basal area was measured for all shrubs and trees in the 
understorey with a DBH greater than 2 cm. The increase of basal area with age of the 
plantations is thus expected and as a corollary, stand development of the understorey 
was relatively slow between P29 and P39. Besides light intensity, growth of the 
understorey is also affected by the availability of growth space, and water and 
nutrients in the soil. Incidentally, there was a decrease in density of Lophostemon 
confertus from 4,175 (P12) to 1,575 (P29), 1,525 (P39) and 625 nos. ha^ (P46) (see 
Table 3.1). As tree density was reduced by 59% between P39 and P46, there was 
probably more space for the understorey species to grow, accounting for a 10-fold 
increase in basal area during the same period of time. Second, under the present 
experimental design trees are more likely to contribute to basal area increment than 
shrubs and vines. In this regard, the number of tree species had increased from 18 in 
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P39 to 28 in P46 while shrubs remained at 17-18 nos. in the same plantations (Table 
5.2). Human intervention of the overstorey, such as selective thinning, can probably 
lead to accelerated development of the understorey vegetation. 
The understorey of P12 is dominated by a continuous cover of Dicranopteris 
linearis, which is an acid-soil indicator plant. The low species diversity and species 
abundance of this site is not unique because in newly established plantations the 
recruitment of native seedlings can easily be inhibited by thick cover of grasses and 
weeds (Parrotta 1995, Harrington and Ewel 1997). The thicket growth of 
Dicranopteris linearis effectively outcompetes potential colonizers for light, space 
and nutrients. This inhibitory effect will be removed with gradual decline of the fern 
under closed canopy conditions. As Lophostemon confertus grows faster in height 
than it develops in SBD, DBH and crown area (see Chapter 3)，it is suitable for 
planting on grassy slopes dominated by Dicranopteris linearis and weeds alike. It 
reaches for light rapidly and avoids dwarfing by the weeds although the relatively 
small canopy always leaves some light on the forest floor. 
5.3.3 Species composition and structure of the understories 
The distribution of understorey species is site-specific. Among the 95 species 
recorded in the survey, Embelia laeta was the only species that occurred in all the 
sites although abundance was highest in P39 (Table 5.4 & Appendix 5.2). Another 
16 species were found in three of the plantations, 9 of which were shrubs. Of the 22 
species that occurred in two sites, half of them were associated with P39 and P46 and 
the rest were evenly distributed among the sites. While 56 species occurred in only 
one site, 33 of them were found in P46 being followed by 13 in P39, 7 in P29 and 3 
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in P12. Again, 13 out of the 33 species that occurred only in P46 were tree species. 
The general pathway of ecological succession in Hong Kong begins with grassland, 
which develops into shrubland and woodland in the absence of any disturbances. The 
invasion of tree species, particularly in P46, indicates a successional development 
towards a native woodland. 
Table 5.4 Distribution of understorey species in the four plantations. 





Many of the understorey species demonstrated a specific growth requirement, 
especially their adaptation to light condition in the forest floor. P12 has a light crown 
density hence the emerging species are usually shade-intolerant, typical examples 
being Clerodendrum fortunatum, Melastoma candidum, Melastoma sanguineum, 
Rhodomyrtus tomentosa and Symplocos paniculata. Many of these species are acid 
soil indicator plants, tolerant of low pH and high total exchangeable acidity in the 
soils. They can regenerate from rootstocks after disturbance and are as competitive as 
Dicranopteris linearis on the acid and infertile soils. However, the abundance of 
these species usually changes with shade conditions of the site during growth of the 
Lophostemon confertus. For instance, the number of Clerodendrum fortunatum 
encountered in the survey decreased from 35 in P12 to 9 in P29 and 3 in P39 
(Appendix 5.2). The species disappeared entirely in P46 where the canopy had 
closed. Similar elimination of shade-intolerant species by Acacia plantations was 
reported by Au (2001). Rhodomyrtus tomentosa exhibited a slightly different trend; it 
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prefers to grow in a light to medium crown density environment. There were 31 
individuals recorded in P12 and 201 in P29 but thereafter the species was eliminated 
by shade. 
On the contrary, there are species which grow in a relatively shaded 
environment resulting in a notable increase in abundance with age of the plantations. 
Typical examples include Litsea rotundifolia, Psychotria asiatica, Sapium discolor, 
Tetracera asiatica and Viburnum sempervirens. The shrub Psychotria asiatica is a 
typical shade-tolerant species widely distributed in the lowland secondary forests. It 
was absent in the open forest floor of PI 2 but increased exponentially from 3 in P29 
to 176 in P39 and 162 in P46. 
Some species grow best underneath a medium to dense crown environment, 
such as Embelia laeta, Eurya chinensis, Eurya nitida, Helicteres angustifolia, 
Phyllanthus cochinchinensis and Smilax china (Appendix 5.2). They are intermediate 
in the requirement of light density for growth. The vine Embelia laeta was the only 
species that occurred in all the study sites and its abundance increased from 4 in P12 
to a maximum of 55 in P39 before declining to 5 in P46. Another example is 
Rhaphiolepis indica which was absent in the relatively open environment of PI2 but 
recorded 398 individuals in P29 (42% of total) before declining drastically to 53 in 
P39 and 6 in P46. Rhaphiolepis indica and Rhodomyrtus tomentosa normally fade 
out in a forested environment (Yu and Pie 1962). 
Height and basal diameter growth of the understorey is closely related to the 
species and age of the plantations. With the exception of P12’ the average height and 
basal diameter increased progressively with age of the plantations (Table 5.5). For 
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instance, the height of the species increased from 0.29 m in P29 to 0.51 m in P39 and 
peaked at 0.62 m in P46. Against this, the mean height of 0.53 m in P12 was taller 
than P29 and P35. This is probably due to the dominance of the relatively tall and 
shade-intolerant shrubs {Helicteres angustifolia, Melastoma sanguineum, 
Clerodendrum fortunatum and Rhodomyrtus tomentosa) in the site (Appendix 5.3). 
In particular, Clerodendrum fortunatum and Rhodomyrtus tomentosa form a thicket 
growth with Dicranopteris linearis in PI2, a finding similar to the 5- to 6-year old 
Acacia plantations (Au 2001). The steady rise in height of the understorey from 
P29 to P46 coincided with a simultaneous increase in tree diversity. In P46, for 
instance, trees constituted 46% of the total species in the understorey compared to 
23% in P29 and 41% in P39 (see Table 5.2). The basal diameter of the understorey 
exhibited a pattern similar to height growth, being greater in P12 than in P29. It then 
increased from 0.51 cm (P29) to 0.88 cm (P39) and 0.94 cm (P46) (Table 5.5 and 
Appendix 5.4). The factors governing basal diameter growth of the understorey are 
probably the same as those governing height growth. 
Table 5.5 Mean and range values of height and basal diameter of the woody 
understories. 
Site Number of Height (m) Basal diameter (cm) 
individuals Mean Range Mean Range 
P12 144 0.53 0.22-0.98 0.63 0.20-1.04 
P29 947 0.29 0.10-1.81 0.51 0.10-8.33 
P39 555 0.51 0.06-3.40 0.88 0.10-8.33 
P46 752 0.62 0.15-8.76 0.94 0.17-15.00 
Height and basal diameter growth tended to fluctuate greatly in the 
understories, resulting in wide range values of the parameters (Table 5.5). This is 
expected because trees, shrubs and vines were included in the measurement. They 
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differ in growth rate and requirements, as well as the time of occurrence in the 
plantations. Similar phenomenon also occurred in the Acacia plantations (Au 2001). 
The structure of the woody understories was exemplified in the distribution 
graphs of height and basal diameter (Figure 5.1-5.2). Individuals with low heights 
dominated the majority of understorey vegetation in all ages. The distribution 
pattern of basal diameter was similar to that of height. The understorey structure 
diverged slightly in older plantations with the establishment of taller and more robust 
individuals. This phenomenon was associated with the increasing occurrence of 
tree individuals in older plantations (Table 5.3). 
The life form, density, mean height, mean basal diameter and importance values 
of the five most abundant species for each site were summarized in Table 5.6. Shrubs 
ranked first in importance value for PI2, P29 and P39 but gave way to tree in P46. 
Among the five most abundant species, vines {Rubids reflexus and Smilax china) 
occurred only in P12 taking advantage of the open forest floor. Although the number 
of vine species increased from 5 in P12 to a maximum of 16 in P46, the species 
failed to resume dominance under the medium to dense canopy conditions. 
Conversely, tree was not an abundant species in P12 but its importance in the 
understorey grew with increasing age of the plantations. The number of dominant 
tree species increased from one {Viburnum odoratissimum) in P29 to three each in 
P39 {Lithocarpus glabar, Machilus pauhoi and Sapindus saponaria) and P46 
{Machilus pauhoi, Syzygium sp. and Lithocarpus glaber). As such, several species 
repeated their dominance between sites, including Rhodomyrtus tomentosa (P12 & 
P29)，Lithocarpus glaber (P39 & P46), Machilus pauhoi (P39 & P46) and Psychotria 
















































































































































































































































































































































































































from 88.64 in P12 to 29.86 in P29, suggesting a growing abundance of other species 
in the latter site. Indeed, while the number of Rhodomyrtus tomentosa had increased 
from 31 in P12 to 201 in P29, the total number of individuals recorded in the same 
sites were 144 and 947 respectively (Appendix 5.2 and Table 5.3). 
Machilus pauhoi was a tree species that nearly doubled its importance value 
from 66.75 in P39 to 123.53 in P46 (Table 5.6). Similar but smaller increase was 
observed for the shrub Psychotria asiatica (from 43.20 to 60.66) while little change 
was detected for Lithocarpus glaher between the same sites. The growing abundance 
of tree species with age of the plantations can thus be ascertained. 
Most of the species with high importance values in P12 and P29 are 
shade-intolerant, including Clerodendrum fortiinatum, Rhodomyrtus tomentosa, 
Melastoma sanguineum, Eurya chimmis, Rhaphiolepis indica and Phyllanthus 
cochinchinensis. The relatively open canopy of P12 and P29 allowed the 
penetration of sunlight to support their growth. They are fast-growing species that 
can tolerate the acid infertile soils and compete strongly with the herbaceous plants. 
However, they were gradually eliminated after closure of the canopy. Coupled with 
improved nitrogen status of the soil, more tree species would emerge in the older 
plantations. In P39 and P46, species with high importance values were shade-tolerant 
including Machilus pauhoi, Lithocarpus glaher, Psychotria asiatica and Ilex asprella 
(Table 5.6 & Appendix 5.5). They belong to the families of Lauraceae, Theaceae, 
Fagaceae and Aquifoliaceae that are commonly represented in the native forests of 
the region. 
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Table 5.6 Understorey population characteristics and importance values (I.V.) of the 
five most abundant woody species. 
Species Life Density Mean height Mean basal I.V.  
form* (No. m'^ ) (m) diameter (cm) 
P12 
Clerodendrum fortunatum S 0.09 0.60 0.62 89.81 
Rhodomyrtus tomentosa S 0.07 0.52 0.78 88.64 
Rubus reflexus V <0.01 1.07 0.60 75.66 
Smilax china V 0.01 0.98 0.40 71.38 
Melastoma sanguineum S 0.02 0.65 1.04 67.77 
P29 
Eurya chinensis S 0.04 1.40 11.84 101.65 
Rhaphiolepis indica S 1.00 0.20 0.13 31.13 
Rhodomyrtus tomentosa S 0.50 0.37 0.43 29.86 
Phyllanthus cochinchinensis S 0.37 0.22 0.22 20.51 
Viburnum odoratissimum 丁 <0.01 1.81 4.20 19 99 
P39 
Ilex asprella S 0.03 1.18 8.33 85.04 
Lithocarpus glaber T 0.02 3.30 4.06 69.74 
Machilus pauhoi T 0.01 3.40 5.85 66.75 
Psychotria asiatica S 0.44 0.41 0.74 43.20 
Sapindus saponaria T 0.01 1.99 2.96 39.30 
P46 
Machilus pauhoi T <0.01 8.76 8.90 123.53 
Syzygium sp. T 0.01 4.07 6.78 66.89 
Lithocarpus glaber T 0.01 4.16 5.40 63.97 
Psychotria asiatica S 0.41 0.96 1.57 60.66 
Antirhea chinensis S 0.01 3.96 6.30 58.74 
* T=Tree; S=Shrub; V=Vine.     
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Lauraceae and Fagaceae are climax family in local succession (Corlett 1997). 
Fagaceae has a restricted distribution in Hong Kong, being most prominent in the 
montane forests. Lauraceae has a wider distribution and is dominant in the secondary 
forests (Zhuang 1993). Two species of the Fagaceae family were recorded in the 
plantations, namely Lithocarpus glaher in P39 and P46 (I.V. 133.71) and 
Castanopsis fissa in P46 (I.V. 18.18). Castanopsis fissa is a prolific seed producer 
and its abundance in P46 (123 individuals) was only second to Psychotria asiatica 
(162 individuals) (Appendix 5.2). The seeds are in the form of large and shiny brown 
nuts seldom consumed by wildlife. The species regenerates from in situ germination 
and the seedlings are shade-tolerant during the early stage of growth. 
Seven species of the Lauraceae family were recorded in the plantations, 
including three Litsea species and three Machilus species (Appendix 5.2). Litsea 
cubeba and Litsea glutinosa occurred separately in P39 while Litsea rotundifolia, 
being most abundant among the three, had a wider distribution in P29 through P46. 
On the other hand, all the Machilus species occurred in P46 although the most 
abundant one was not identifiable. The representation of mid- to late-successional 
species from the Fagaceae and Lauraceae family is, indeed, a proof that P39 and P46 
are approaching the conditions of a native woodland though capped by Lophostemon 
confertus. 
Shrubs constituted 45.2-62.5% of the woody understories, being most 
abundant in P12 (Table 5.3). In Hong Kong, the use of shrubs as nurse crops has 
received less attention than trees. Shrubs are usually considered as a source of 
competition for newly planted trees and are generally eliminated before tree planting. 
But there was evidence that the survival rate and growth performance of plantation 
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trees could benefit from association with shrubs (Castro et al. 2002). Duncan and 
Chapman (2003) found that shrub removal could temporarily enhance tree growth 
yet the benefit disappeared after two years. Nevertheless, the importance of shrubs, 
especially those bearing drupe or berry fruits must not be underestimated. They 
attract birds and assist in the dispersal of forest seeds, notably Rhodomyrtus 
tomentosa. Ilex asprella, Psychotria asiatica and the like (Appendix 5.1). 
5.3.4 Dynamics of species establishment in the understorey 
Holl et al (2000) suggested a sequence of processes occurring during forest 
recovery in abandoned tropical pasture including seed dispersal, avoidance of 
predation, germination of seeds, and survival and growth of seedlings. The 
establishment of native species must overcome various barriers inhibiting these 
processes. Identification of the inhibitory barriers is crucial to plantation 
management and facilitation of ecosystem recovery. The severity of these obstacles 
depends on the level of site degradation, proximity to seed sources and the 
characteristics, age and management intensity of the plantations. 
Seed availability is the first limiting factor in forest recovery processes 
(Wijdeven and Kuzee 2000). It is determined by the soil seed bank, seed dispersal 
and seed predation. Soil seed bank is rarely examined in Hong Kong although it is 
an important contributor to species richness and plant density in the rehabilitation of 
degraded lands (Zhuang et al. 2001). The seeds stored in topsoil can accelerate the 
rate of species recolonization on disturbed lands without further human assistance 
(Bradshaw and Chadwick 1980). The soil seed bank in the sites were unlikely 
disturbed since planting of Lophostemon confertus, there were no records of cutting, 
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hill fires and mass movement of the soils. PI2, P29 and P39 were established on 
fire-affected grassy slopes (see Chapter 2, section 2.2) and the effect of the fires on 
the soil seed bank was unknown. However, many of the fire-adapted species such as 
Rhodomyrtus tomentosa, Rhaphiolepis iridica, Clerodendrum fortunatum can 
regenerate from rootstock after fire and some of these species could have been 
present in the sites before planting. 
Animals are a major seed dispersal agent for the native species. Among the 
95 understorey species, many of them are dispersed by birds or mammals (Appendix 
5.1). However, the role of exotic plantations in fostering local fauna is always a 
subject of debate. Exotic monocultures are regarded as unfavourable habitat for 
forest birds. Lophostemon confertus has dry, capsular fruits unattractive to most 
fruvigous birds, limiting the potential of animal dispersal and species diversification. 
The diversity and abundance of birds in local Lophostemon confertus monocultures 
were higher than fire-maintained grasslands but inferior to natural secondary forests 
(Kwok and Corlett 2000). The frugivorous birds are more likely attracted by species 
of the understorey that bear palatable fruits. There was seasonal variation in forest 
bird communities in Hong Kong and the highest density occurred between December 
and June (Kwok and Corlett 1999). Species fruiting between December and June 
are likely to benefit from the birds in seed dispersal. The temporal dynamics of bird 
communities and seed dispersal warrant further studies. 
On the other hand, tree seed predation is a barrier to natural forest 
regeneration. The vulnerability of a species to seed predators is related to the seed 
size (Louda 1989, Reader 1993, Osunkoya 1994). In this regard, small seeds (<0.02 
g) are more vulnerable to predation by ants than larger seeds (Nepatad et al 1991). 
110 . 
In Hong Kong, seed predation by small rodents in countryside could significantly 
reduce the availability of tree seeds for regeneration (Hau 1997). Rodent densities 
were high compared to other countries (Rao 1994). The high rodent densities are 
due to low predator population as large predators had been significantly reduced by 
trapping, habitat destruction and fragmentation. 
The original forests of Hong Kong were cut completely before the 19也 
century, with remnants of native forests scattering over the territory. The highly 
fragmented native forests limit the dispersal of seeds and propagules rendering native 
forest recovery difficult. The large seeds of some native tree species can only be 
dispersed within a confined distance from their source (Corlett 1996). The 
destruction of habitat undoubtedly eliminated most of the forest-dependent avifauna, 
which played an important role in seed dispersal (Kwok and Corlett 1999). 
PI2, P29 and P39 are far away from native forests and suffer from a shortage 
of seed sources. The exception is P46, which is surrounded by the best-protected 
and most diverse woodland in the Tai Po Kau Nature Reserve. One-sixth of the 
reserve is covered by plantations and the rest by natural forests aged 30 years or 
more. The bird communities of the nature reserve are believed to be similar to that 
of the older forest areas in South China (Kwok and Corlett 1999). Seed dispersal to 
P46 can be facilitated by its close proximity to seed source as well as a high bird 
density. 
Inter-species competition is a critical process inhibiting the establishment of 
late-successional species on disturbed open sites. Kleijn (2003) compared the 
germination and growth performance of different species on abandoned arable lands. 
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In terms of germination, the late-successional species were similar or even higher 
than that of early-successional species. However, the reverse was true for 
establishment rates probably because the early-successional species are more adapted 
to the open sites characterized by unfavorable soil conditions. The 
under-representation of tree species in the youngest plantation (PI 2) could be a result 
of the shortage of seed sources or their elimination by other vegetation during 
establishment. 
5.4 Conclusion 
From findings of the present experiment, several conclusions can be summarized: 
1. A total of 95 understorey woody species belonging to 41 families and 68 genera 
were recorded in the uneven-aged plantations. The composition of the species 
was made up of 38 trees, 32 shrubs and 25 vines. The tree taxa found in the 
present study accounted for 9.7% of the total tree flora in Hong Kong. Many of 
the understorey species are commonly found in native secondary forests or 
shrublands but none of them are rare, protected or threatened species. 
2. Lophostemon confertus plantations could facilitate the recruitment of native 
species in the understorey. The species richness, diversity and evenness generally 
increased with age of the plantations. Species richness increased from 16 in P12 
to 62 in P49 and there were more tree species in the older plantations (P39 and 
P46) than in the younger plantations (PI2 and P29). The Shannon indices 
increased in the order of 1.89 (P29), 2.13 (PI2), 2.58 (P39) and 3.0 (P46). 
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3. The younger plantations P12 and P29 were mostly dominated by shade-intolerant, 
early-successional shrub species including Clerodendrum fortunatum, 
Rhodomyrtus tomentosa, Melastoma scmguimim, Eurya chinensis and 
Rhapiolepis indica. Conversely, shade-tolerant mid- to late-successional species 
of the Fagaceae {Lithocarpus glaber and Castanopsis fissa) and Lauraceae 
(Litsea and Machilus spp.) family were recorded in the older plantations of P39 
and P46. 
4. With the exception of PI 2, height and basal diameter growth of the understories 
increased progressively with age of the plantations. Large variations were 
detected for these growth parameters, probably due to the diverse growth rate of 
the vines, shrubs and trees included in the study. Overall, Machilus pauhoi 
yielded the highest importance value of 123.53. 
5. The majority of the understorey species are dispersed by birds or mammals. 
The recruitment of native species is likely governed by the proximity to seed 
sources and the density of seed dispersers. In this regard the understorey 
composition of P46, located inside the Tai Po Kau Nature Reserve, is most 




6.1 Summary of findings 
The thesis investigated the ecological status of exotic Lophostemon confertus 
plantations in Hong Kong. The objectives of the study were threefold: (a) to 
examine the growth performance and structural characteristics of the uneven-aged 
Lophostemon confertus, (b) to investigate the characteristics and properties of soils 
underneath the plantations; and (c) to investigate the recruitment of native species in 
the understories of the plantations. Four Lophostemon confertus monocultures aged 
12, 29，39 and 46 years were studied. The four plantations were established 
separately on krasnozem derived from volcanic rocks (PI2 and P46) and red yellow 
podzol derived from granite (P29 and P39). 
The overstorey layer of the plantations was dominated by the rehabilitated 
species of Lophostemon confertus. Height growth of the dominant trees increased 
progressively with stand age, from 8.63 m in P12 to 16.09 m in P46. SBD and DBH 
followed the same pattern, except for the 39-year-old stand. Crown area averaged 
1.84 m2 in P12 but increased drastically to 11.21 m^ in P29 before reaching the 
maximum of 14.56 m^ in P46. Growth differentiation of the stands widened with 
age of the plantations，suggesting changes in the growth parameters during forest 
development. 
The density of living trees of Lophostemon confertus decreased from 4,175 
nos. ha.i in P12 to 625 nos. ha"^  in P46. It was probably due to the combined effects 
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of artificial thinning, stem exclusion and factors alike. With a dense crown and 
large number of dead logs recorded, P46 has probably reached its steady state of 
growth. Mortality rate decreased in the order of P12 (18.5%) > P39 (15.3%) > P46 
(3.9%) > P29 (0%). 
Lophostemon confertus is a pioneer species that can provide a promising 
cover for the degraded lands suffering from heavy erosion (gullying), fire and 
deforestation. It grows faster in height than it develops in SBD, DBH and crown 
area but cannot regenerate under its own canopy. The growth is unlikely to sustain 
after one generation, regardless of the differences in geology, soil and antecedent 
land use. 
Texturally, the soils ofP29, P39 and P46 were dominated by sandy clay loam 
while P12 was predominantly clayey. All the soils were strongly acidic in reaction, 
pH ranging from 3.96-4.48 in the 0-5 cm layer, 3.70-4.44 in the 5-15 cm layer and 
4.31-4.49 in 15-30 cm layer. The lowest pH was recorded in P29, in the range of 
3.70-4.49. Acid soils were found in all the plantations yet there was no discernible 
pattern with geology, types, depths and age of the plantations. 
The soils varied substantially in SOM and TKN contents. P12 recorded the 
highest levels of SOM and TKN, probably due to the annual dieback of the fern 
Dicranopteris linearis in the understorey. The litter of this fern is nutrient-poor and 
slow to decompose. Thereafter, there was a gradual though insignificant increase of 
SOM with age of the plantations in all soil layers. In the 0-5 cm layer, for instance, 
SOM amounted to 6.31% (P29), 6.49% (P39) and 7.31% (P46). 
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Soil TKN followed closely the pattern of SOM, being highest in the 
uppermost layer of PI2. It increased steadily and significantly from P29 
(0.05-0.21%) to P39 (0.12-0.25%) and P46 (0.13-0.26%). Both SOM and TKN 
decreased with depth of the soils yet the magnitude of decrease was greater in the 
younger plantations (PI2 and P29) than in the older plantations (P39 and P46). 
The soils in the plantations contained appreciably low levels of mineral 
nitrogen, available P and cation nutrients, and none of them exhibited any discernible 
pattern with age of the plantations. NH4-N predominated over NO3-N, accounting 
for over 90% of the mineral nitrogen. Low availability of P (0-5.03 mg kg" )^ was 
consistent with strong acidity of the soils. Total exchangeable bases (K, Na, Ca and 
Mg) amounted to only 0.85-1.00 cmol kg"^  in the uppermost layer of the soils, typical 
of the low-activity clay of kaolinite that is dominant in the local soils. 
Overall, the soils underneath the uneven-aged Lophostemon confertus 
plantations were strongly acidic, contained marginal to adequate levels of SOM and 
TKN but were deficient in mineral nitrogen, available P and cation nutrients. The 
uninterrupted growth of Lophostemon confertus from 29 to 46 years can augment 
SOM and TKN and contribute to soil development. The badland soil of P29 
seemed to be least responsive to the ameliorative effect of Lophostemon confertus. 
A total of 95 understorey woody species from 41 families and 68 genera had 
regenerated underneath the plantations. They were made up of 40% trees, 33.7% 
shrubs and 26.3% vines. The tree taxa accounted for 9.7% of the total tree flora 
(390 species) in Hong Kong. Many of the understorey species are also found in 
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native secondary forests or shrublands but none of them are rare, protected or 
threatened species. 
Lophostemon confertus plantations could facilitate the recruitment of native 
species. The species richness, diversity and evenness of the understorey vegetation 
generally increased with age of the plantations. Along the chronosequence, 
Shannon index/ / ' ranged from 2.13 to 3.00 while Shannon e v e n n e s s r a n g e d from 
5.43 to 13.09. The number of tree species increased progressively with age of the 
plantations in the order of 3 (PI2), 7 (P29), 18 (P39) and 28 (P46). While the vines 
exhibited a similar trend, the number of shrubs appeared to have stabilized at P29 
and thereafter. 
The younger plantations (PI2 and P29) were dominated by the 
shade-intolerant species of Cleroderidrmi fortimatnm, Melastoma spp., Rhodomyrtus 
tomentosa and Symplocos paniculata while the older plantations (P39 and P46) were 
dominated by the shade-tolerant species of Lit sea rotmidifolia, Psychotria asiatica, 
Sapium discolor, Tetracera asiatica and Vihurtmm sempervirens. Mid- to 
late-succesional tree species of the Fagaceae and Lauraceae families, though few in 
individuals, were only represented in P39 and P46. 
The height, basal diameter and crown area of the understorey species 
generally increased with age of the stands. Many of the understorey species are 
dispersed by birds or mammals. The recolonization of native species is likely 
governed by the proximity to seed source, density of seed dispersers, seed predation 
and the site conditions. 
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6.2 Implications of the study 
6.2.1 Ecological value of Lophostemon confertus plantations in Hong Kong 
In Hong Kong, the exotic monoculture plantations are mostly dominated by 
Acacias, eucalypts and Lophostemon confertus. They were established either for 
timber and firewood production or water conservation and soil protection. With the 
enactment of the Country Park Ordinance in 1976, the strategic development of 
forestry has shifted from production to conservation. Consequently, there is a 
growing concern about the ecological role of these exotic plantations, especially their 
ameliorative effects of the degraded soils and ability to recruit native species in the 
understorey layer. How is the ecological role of Lophostemon confertus plantations 
compared to other plantations in the territory? 
An attempt is made here to compare the ecological role between 
Lophostemon confertus plantations and the Acacia plantations investigated by Au 
(2001). The Acacia plantations were separately established on either red yellow 
podzol or krasnozem, and aged 5 (P5), 6 (P6), 13 (PI3), 14 (P14), 25 (P25) and 35 
(P35) years. P5 was interplanted with a mixture of Acacia confusa. Acacia 
auriculiformis and Acacia mangwm while the other sites were dominated by the 
monoculture stand of either Acacia corifusa or Acacia auriculiformis. The 
antecedent land use of these sites was similar to that of the present study; P5 was 
previously a borrow area developed on granitic badlands while the remaining sites 
had been burnt by hill fires. 
SOM and TKN are important factors or variables in the restoration of soil 
productivity. Gullying, fire, mining and deforestation undoubtedly affect the SOM 
118 . 
and TKN contents of the soil by initiating erosion and interrupting growth of the 
vegetation. The extent of the influence varies with the nature and intensity of these 
disturbances. After establishment of the plantations, there was a restoration of 
SOM and TKN in the soils (Table 6.1). In the Acacia plantations, for instance, SOM 
content of the top 15-cm soil averaged 1.07-7.64%. The corresponding values for 
Lophostemon confertus plantations were 4.39-7.16%. This clearly shows that the 
Lophostemon confertus plantations are at least comparable to the Acacia plantations 
in the amelioration of soil organic matter. Of course, the understorey vegetation in 
both types of plantation could have contributed part of the SOM. 
In unfertilized ecosystems SOM is the storehouse of nitrogen, which largely 
increased with age of the plantations. In the Acacia plantations, for instance, nitrogen 
capital within the top 15-cm layer of soil amounted to 600-4,500 kg ha"^  compared to 
2,220-3,840 kg ha'^for the Lophostemon confertus plantations (Table 6.1). The 
accumulation of nitrogen is thus relatively slow in the borrow area involving soil 
destruction. After the establishment of Acacias for 5 years (P5), the nitrogen capital 
in the soil was lowest (600 kg ha]) among the sites. It increased gradually to 1,980 
kg ha'i in PI3, also a borrow area before the planting of Acacia confusa. The 
conditions of sites P5 and P13 are, to some extent, comparable to P29 in the present 
study with respect to antecedent land use. Before the planting of Lophostemon 
confertus, P29 was likewise a badland site although there was no excavation of fill 
materials. With a longer establishment history, P29 recorded a higher nitrogen 













































































































































































































































































































































































































































Knowing the antecedent land use of the restored sites is essential to this kind 
of comparison. There are two plantations relatively similar in age, i.e. P13 covered 
by Acacia confusa and P12 covered by Lophostemon confertus. P12 had a nitrogen 
capital of 2,520 kg ha] compared to 1,980 kg ha"' for P13. Other factors being equal, 
it takes a longer time to augment nitrogen in the borrow area (PI3) than in the 
fire-affected area (P29). This is because P13 had been mined for fill materials 
resulting in the complete removal of the topsoil prior to the planting of Acacia 
confusa. It is a typical example of soil destruction in land degradation. 
Conversely, P12 was merely a fire-affected area involving soil disturbance before the 
planting of Lophostemon confertus (see Chapter 2). Under identical conditions, it is 
easier to rehabilitate a soil disturbance site than a soil destruction site (Aber 1990b). 
In view of the above variations in site condition, the ameliorative effects of 
Acacias and Lophostemon confertus can be better ascertained in the older stands than 
in the younger stands. In this connection. Acacia plantations aged 25-35 years 
yielded a nitrogen capital of 4,200-4,500 kg ha''. For Lophostemon confertus 
plantations aged 39-46 years, nitrogen in the soil amounted to 3,420-3,840 kg ha"^  
(Table 6.1). It suffices to say that Lophostemon confertus, though older in age, is 
inferior to the Acacias in the restoration of soil nitrogen. This is expected because 
the Acacias are legumes with a capacity to fix atmospheric nitrogen whereby 
Lophostemon confertus is a non-legume. A species-rich>«^ shui woods in Tai Om 
in the New Territories had a soil nitrogen capital of 3,150 kg ha] (Chau and Marafa 
1999), which is lower than that of P39 and P46. As far as nitrogen supply is 
concerned, these two plantations are expected to support a vegetation as diverse as 
the feng shui woods. 
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The recruitment of native species in the understories of the Acacia and 
Lophostemon confertus plantations is summarized in Table 6.2. Notwithstanding 
fewer sites and a smaller total sampling area, there were more species in the 
Lophostemon confertus plantations (95) than in the Acacia plantations (78). The 
same was true for the number of families (41 vs.37) and genera (68 vs.60) these 
species belonged to, indicating a more diverse composition and structure of the 
understorey vegetation in the Lophostemon confertus plantations than the Acacia 
plantations. Trees were the most dominant species underneath Lophostemon 
confertus, accounting for 9.7% of the total tree flora in Hong Kong. Shrubs 
dominated the understorey of Acacia plantations while trees accounted for only 6.4% 
of Hong Kong's total. Among the 78 species found in the Acacia understorey, 44 
also occurred underneath the Lophostemon confertus (Appendix 6.1). Nevertheless, 
the younger plantations in both studies were dominated by shade-intolerant species, 
such as Clerodendrum forturmtum and Rhodomyrtus tomentosa. 
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Table 6.2 Comparison of understorey between Acacia plantations and Lophostemon 
confertus plantations. 
Acacia plantations Lophostemon confertus 
(Au2001) plantations 
(present study) 
No. of sites 6 4 
Age of stands 5-35 12-46 
Total sampling area (m^) 600 400 • 
Species � 78 95 
Family � 37 41 
G e n e r a � 60 68 • 
Tree: shrub: vine (%) 32: 37: 31 40: 34: 26 
Tree (% Hong Kong)(2) 6.4 9.7 
Three most species-rich Rubiaceae (7) Euphorbiaceae (11) 
families (No. of species) Euphorbiaceae (6) Myrsinaceae (7) 
Rutaceae (5) Rubiaceae (7) 
Lauraceae (7) 
Myrtacea (5) 
� Including inspection check outside sample plots. 
� Altogether, there are 390 tree species found in Hong Kong. 
The three most species-rich families in the Acacia plantations were 
Rubiaceae (7)，Euphorbiaceae (6) and Rutaceae (5), whereas in the Lophostemon 
confertus plantations, they were Euphorbiaceae (11), Lauraceae (7), Myrsinaceae (7), 
Rubiaceae (7) and Myrtaceae (5). While species belonging to the Fagaceae and 
Lauraceae families are usually found in native secondary forests of the region, they 
are considered as a good indicator of the successional development of vegetation. 
In this connection, Lauraceae was represented by 7 species underneath Lophostemon 
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confertus compared to 4 only underneath the Acacias. Likewise, 2 species 
belonging to the Fagaceae family {Castanopsis fissa and Lithocarpus glaber) were 
recorded in the Lophostemon confertus plantations but none underneath the Acacias. 
The finding seems to suggest that the Lophostemon confertus plantations were 
superior to the Acacia plantations in the recruitment of native species. As such the 
recolonization of native species in the plantations is not only affected by nitrogen 
capital in the soil but also by the factors of antecedent land use, severity of land 
degradation, proximity to seed source and litter characteristics. 
6.2.2 Rehabilitation of badland derived from granite 
In Hong Kong, the use of exotics had dominated the afforestation practices from 
1950s to 1990s. Exotic species are fast-growing and efficient nutrient users that can 
exploit the harsh conditions of degraded lands. As a pioneer species, Lophostemon 
confertus is no exception because of its promising success on a wide range of 
environments. However, several problems are observed in its use on the barren 
slopes of badlands developed on intensely weathered granite, as demonstrated by 
P29. These include stunted growth and forking of the species, soil infertility and 
crusting, slow soil development and low diversity of the understorey vegetation. 
These problems were less conspicuous in P39, also a badland site but occupying a 
ravine location. P29 is thus drier than P39 (see Chapter 2, section 2.2). 
Red yellow podzol derived from the weathering of granite is strongly acidic in 
reaction and characterized by high Al saturation and low base saturation. Where 
gullying has reduced the landscape into a badland, the soil is also deficient in organic 
matter, TKN, phosphorus and cation nutrients. As granite occupies about one-third 
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of the land area in south China, there is always an urgent need to rehabilitate the 
badlands with vegetation. In Hong Kong, Acacias aged 4-6 years were capable of 
improving the organic matter and nitrogen levels of the badland soils yet the 
magnitude of improvement was small (Fung 1995), a situation similar to P29. 
Lophostemon confertus is rather drought-hardy but prefers deep, fertile and 
clayey soil. The badland soil in P29 is, strictly speaking, not an ideal growth 
substrate for the species. The soil suffers from a lack of moisture due to surface 
crusting, which is clogging of the micro-pores by clay-size particles. The crust 
layer inhibits effectively the infiltration of water and the germination of seeds. 
Litter break down is slow under the dry conditions, resulting in slow turnover of the 
nutrients and litter mixing between the different soil layers. Changes are therefore 
needed to optimize the benefits of ecological restoration, from species selection to 
soil amendment. Owing to low fertility and limited moisture supply in the soil, 
consideration should be given to the use of drought resistant shrubs instead of trees. 
Indeed, the shrubs of Clerodendrum fortunatum, Helicteres angustifolia, 
Rhodomyrtus tomentosa and Rhaphiolepis indica were found growing vigorously in 
P29 . They are acid soil indicator plants that are tolerant of the infertile soils. Where 
mixed planting is desirable, shrub-like trees are preferred to tall trees in view of the 
low fertility of the soils. Specifically, drought-hardy species from the Theaceae 
family such as Eurya chinemis and Gordonia chimnsis are particularly suitable 
(Chan and Chau 1999). 
Besides the selection of appropriate species, amendment of the soil and 
post-planting care are equally important in order to ensure the success of restoration. 
Liming of the soil at the time of planting will reduce aluminum toxicity and enhance 
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the bioavailability of phosphorus. Unfortunately, it is neglected in the local practice. 
Wild growing ferns and grasses are strong competitors of the revegetated species, 
hence they must be controlled by trimming or the use of herbicide where 
environmental pollution is not a concern. Measures to accelerate forest 
development in P29 will be discussed in the ensuing section. 
6.2.3 Management of the existing plantations 
It is thus clear Lophostemon confertus plantations can ameliorate the soils and 
facilitate the recruitment of native species. The soil fertility, particularly SOM and 
TKN, and understorey species diversity appear to mutually facilitate each other. 
While species recolonization is a complex process, what shall be the way forward for 
these uneven-aged plantations? Silviculture practice in Hong Kong is limited to 
planting of the species and their fertilizing and thinning in the following 3 to 5 years. 
The plantations are left unattended thereafter, except removal of dead trees blown 
over by typhoon. Thus, there is no long-term plan on plantation management even 
after shift of the forestry policy from production to conservation. 
Several options are available in the transformation of these plantations into 
native secondary forests, including continued protection against disturbance, 
restocking of native species and clearfelling of Lophostemon confertus. The 
selection of an appropriate management option would depend primarily on floristic 
composition of the understorey and the stand characteristics of Lophostemon 
confertus. Sometimes a combination of options is preferred to a single option 
depending on specific conditions of the plantation. 
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The climate and soil conditions of Hong Kong can support the growth of 
woodlands and forests, which are our target of rehabilitation. Because of this, we 
need to determine if there is already a sufficiently large stock of tree species in the 
understorey vegetation. In this connection, the number of tree species increased in 
the order of 3 (PI2), 7 (P29), 18 (P39) and 28 (P46) (see Table 5.2). In P39 and 
P46, species with high importance values were mostly shade-tolerant including 
Machilus pauhoi, Lithocarpus glaher, Psychotria asiatica and Ilex asprella. They 
belong to the families of Lauraceae, Rubiaceae, Fagaceae and Aquifoliaceae that are 
commonly represented in the native forests. Furthermore, Psychotria asiatica and 
Ilex asprella are bird attractants because of the berry fruits they produce. This 
clearly suggests that the understories of these two plantations have the potential of 
developing into native woodlands, which is supported by a relatively large nitrogen 
capital (3,420-3,840 kg h a . � i n the soil (see Table 4.6). In order to accelerate this 
process, consideration should be given to clearfell the overstorey of Lophostemon 
confertus in P39 and P46. This will give more growth space to the understorey 
vegetation and the sunlight much needed by the Castanopsis fissa saplings and the 
like. After all, Lophostemon confertus is approaching their senile growth stage in 
these plantations. 
The understorey of P12 and P29 is less developed than P39 and P46 with 
respect to species abundance and stand structure. There is a dominance of herbs, 
vines and to some extent shrubs in these plantations. As thinning had not been 
implemented in PI 2，crown development of Lophostemon confertus could have been 
inhibited by a high density of the trees (see Tables 3.1 & 3.2). With a light crown 
density, there is plenty of sunshine on the forest floor resulting in the vigorous 
growth oi Dicranopteris limaris that can outcompete other native species. As the 
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uppermost 15-cm layer of the soil contained relatively high organic matter content 
(7.16%) and nitrogen (2,520 kg ha''), it can probably support a more diverse 
understorey. It is thus necessary to suppress the growth of the fern by changing the 
shade conditions of the forest floor. This can be achieved by thinning out the 
weaker Lophostemon confertus to speed up crown development of the overstorey, 
which will then invite the recolonization of shade-tolerant shrubs. Had this been 
implemented, the crown density of P12 could change from light to medium in a 
shorter period of time. 
Besides the effect of sunlight and age of the plantations, the simple understorey 
structure of P12 may also be due to the lack of seed sources. This can be overcome 
by restocking the understorey with a mixture of fruit-bearing shrubs, such as 
Rhodomyrtus tomentosa and Rhaphiolepis indica, immediately after thinning or 
partial clearfelling of the overstorey species Although these shrubs are fast growing, 
post-planting care is needed to remove the competition from herbs, either through 
trimming or use of herbicides. When the crown density of the plantation has 
changed from light to medium, the shade-tolerant species of Psychotria asiatica and 
Ilex asprella could be added in enrichment planting for the same reasons mentioned 
above. 
Poor growth of the Lophostemon confertus and low fertility of the soil further 
complicated the situation in P29. Partial clearfelling and restocking of native 
• species are likewise recommended to accelerate native forest recovery. Legumes 
are preferred to non-legumes in restocking because they can increase the soil 
nitrogen. More importantly, the nitrogen-rich litters are expected to decompose 
rapidly resulting in rapid circulation of nutrients in the system. 
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6.3 Limitations of the study 
Several limitations were encountered in this research. First and foremost is the 
retrospective approach adopted in this study. It is different from the zero-time 
approach in which changes in overstorey development, soil properties and 
understorey development can be assessed continuously. It is thus impossible to 
differentiate the influences arising from planting density, level of disturbance, soil 
type, geology, topography and aspect. Another limitation associated with the 
retrospective approach is the lack of sufficient information on planting history of the 
sites, including antecedent land cover, planting density, seedling quality and 
post-planting care. This information was based on oral history from veteran AFCD 
staff because planting records were usually disposed of three years after planting. It 
is a cause of concern when records will be lost permanently with retirement of the 
staff. 
Difficulties were also encountered in site selection. As monoculture planting 
was discontinued a decade ago, plantations aged 10 years or below were not 
available. This resulted in the uneven age distribution of the plantations. As such 
the age gap between PI2 and P29 is much wider than between P39 and P46. 
The present study was constrained by the lack of sufficient manpower and time, 
which seemed to have some effects on soil and vegetation sampling. The soils are 
relatively heterogeneous therefore the number of sampling points should be 
increased while retaining the practice of composite sampling. Likewise, many more 
understorey species were encountered outside the sampling plots. There exists a 
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possibility that the diversity of the understorey vegetation has been underestimated, 
especially in the older plantations of P39 and P46. 
6.4 Suggestions for future study 
The present study evaluated the ecological role of uneven-aged Lophostemon 
confertus plantations, with special emphasis on its growth performance, soil 
ameliorative effects and recruitment of native species. There is no reason why this 
kind of study cannot be extended to cover other exotic plantations including 
eucalypts, Melaleuca quimpmiervia and Acacias. In this regard, future studies 
should include plantations established on disused quarries, landfill sites and borrow 
areas. The nature and severity of disturbances of these degraded lands are different 
from the badlands and fire-affected areas investigated in the present study. 
Information gathered from these studies is useful in the formulation of a viable 
woodland management plan. In particular, guidelines should be prepared in the 
clearfelling, partial or complete, and restocking of native species to accelerate native 
forest recovery. Thus, research on the time and extent of clearfelling as well as its 
effect on the forest environment is urgently needed. Besides, planting trials should 
also be implemented to identify species suitable for restocking the understorey layer. 
It appears that the restoration of soil productivity and the recruitment of native 
species were most difficult on severely eroded red yellow podzol developed on 
granite. While badlands are abundant in south China, there is a compelling need to 
examine the ecological rehabilitation of this landscape with respect to species 
selection, planting techniques and post-planting care. In particular, measures to 
stabilize the degraded lands and accelerate the accumulation of nitrogen in the soil 
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should be accorded high priority. 
Animals, especially fruvigous birds, play an essential role in the dispersal of 
native flora. Plantations can accelerate native forest succession by ameliorating soil 
and microclimate conditions and by attracting seed-dispersal agents. It is useful to 
assess the spatial and temporal dynamics of bird community in relation to the 
distribution of particular fruit-bearing species in the plantations. 
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Appendix 4.1 The textural triangle showing the percentage of sand, silt and clay in 
the soil texture classes, according to U.S. Department of Agriculture 
Classification System. 
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Appendix 4.2 Data result for soil pH of the sites (n=20 for 0-5 cm and 5-15 cm, 
n=5 for 15-30 cm). 
Site pH 一 
0-5 cm 5-15 cm 15-30 cm t-test 
P12 
, (0.08) (0.04) (0.07) 
P29 3.96" 3.70' 4.49" .0.001 
(0.12) (0.10) (0.07) 
P39 4.48� 4.39bc 4.38� 0.01 
(0.10) (0.07) (0.05) 
P46 4.34b 4.3 lb 4.3 lb NS 
(0.11) (0.06) (0.06) 
Column means sharing the same letters are not significantly different (p<0.05) by the Duncan's 
multiple range test. 
T-test: **p<0.01; ***p<0.001; NS=not significant. 
Values in parenthesis represent the standard deviation. 
Appendix 4.3 Data result for SOM (%) and TKN (%) of the sites (n=20 for 0-5 and 
5-15 cm, n=5 for 15-30 cm). 
S i t e “ SOM (%) 一 TKN (%) 
0-5 5 A 5 1 5 - 3 0 t - t e s t 0-5 s T s 1 5 - 3 0 
cm cm cm cm cm cm  
P12 9 . 2 3 b — 0 — h ^ — c 0 0 0 1 
(1.41) (0.71) (0.34) (0.04) (0.00) (0.00) 
P29 6 . 3 r 2.47a 1.72a 0.001 0 . 2 r 0.08b 0.05a 0.001 
(2.36) (1.09) (0.64) (0.08) (0.05) (0.04) 
P39 6.49a 4.02b 2.90b 0.001 0.25b Q i^bc 012b 0.001 
(1 10) (0.84) (0.56) (0.03) (0.03) (0.01) 
P46 7.31" 5.23c 3.44b 0.001 0.26b 0 . 1 9 �q u ^ ^ 0.001 
(1.34) (0.89) (0.75) (0.02) (0.02) (0.03) 
Column means sharing the same letters are not significantly different (p<0.05) by the Duncan's 
multiple range test. 
T-test: **p<0.01; ***p<0.001; NS=not significant. 


















































































































































































































































































































































































































































































































































































Appendix 4.5 Data result for soil available phosphorus (mg kg'^) of the sites 
(n=20 for 0-5 cm and 5-15 cm, n=5 for 15-30 cm). 
Site Available P (mg kg"^)”“ 
0-5 cm 5-15 cm 15-30 cm t-test 
^ r ^ r ^ ^ 
(0.91) (0.96) (0.13) 
P29 0.34' 0.02" 0.00' . NS 
(0.51) (0.07) (0.00) 
P39 5.03c 3 . 0 5 � 1.48b 0.01 
(3.14) (1.25) (1.58) 
P46 4.14b 3.32� 1.96� NS 
(1.26) (1.89) (1.13) 
Column means sharing the same letters are not significantly different (p<0.05) by the Duncan's 
multiple range test. 
T-test: **p<0.01; ***p<0.001; NS=not significant. 























































































































































































































































































































































































































































































































































































































































































































Appendix 5.1 List of woody species found in the sites (grouped by family) and their 
characteristics. 
^ ^ Species ‘ Life Fruit Dispersal 
— form type agent 
Anacardiaceae Rhus succedanea L. T C B 
Annonaceae Desmos chinemis (Lour.) S B 
Apocynaceae Alyxia sinensis Champ. V B 
Strophanthus divaricatus (Lour.) HK. & Am. S 
Aquifoliaceae Ilex asprella Champ. S B B 
Ilex vihdis Champ. Ex Bentli. S B B 
Araliaceae Schefflera hetaphylla (L.) D.G. Frodin T B B 
Capparidaceae Cappahs cankmiensis Lour. V 
Caprifoliaceae Lonicera sp. y 
Viburnum odomtissimum Ker-Gawl T D B 
Viburnum sernpervirens K. Koch. S B 
Celastraceae Celastrus monospemius Roxb. v 
Cliloranthaceae Sarcandra glabra (Thunb.) Nakai S D B 
Connaraceae Rourea microphyUa (Hook. & Am.) Planch. V B 
Daphniphyllaceae Daphniphyllum calycinum Bentli. T D B 
Dilleniaceae Tetracera asiatica (Lour.) Hoogland V B 
Ebenaceae Diospyros niomsiana Hance 丁 M 
Euphorbiaceae Aporusa dioica (Roxb.) Muell. Arg. T C B 
Breynia fruticosa (L.) Hook. f. S C B 
Bhdelia in su I ana Haiice § 
Bhdelia tomentosa Bliuiie § g 
Glochidion eriocarpum Champ, ex Benth. S C B 
Glochidion lanceolatum (Roxb.) Voigt T 
Glochidion sp. § 
Glochidion wrightii Bentli T C B 
Mallotuspaniculatus (Lam.) Muell.-Arg. T B 
Phyllanthus cochinchinensis (Lour.) Spreng. S M 
Sapium discolor (Champ, ex Bentli.) Muell. Arg. T C B 
Fagaceae Castanopsis fissa (Champ, ex Bentli.) Rehd. & Wils. T 
Lithocarpus glaher (Thuiib.) Nakai T 
Flacouitiaceae Scolopia chinemis (Lour.) Clos T 
Scolopia saeva (Hance) Hance T B 
(to be continued) “ ‘ 
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Appendix 5.1 (continued). 
Family Species Life Fruit Dispersal 
form type agent 
Gnetaceae Gnetum sp. V 
Grossulariaceae Itea chinensis Hook. & Am. T 
Guttiferae Cratoxylum cochindinense (Lour.) Blume T 
Garcinia oblongifolia Champ, ex Benth. T M 
Hypericum chinense L. S 
Lauraceae Litsea cubeba (Lour.) Pers. T B 
Litsea glutinosa (Lour.) C. B. Rob. T B 
Litsea routundifolia Hemsl. var. oblongifolia (Nees) Allen T D B 
Machilus chekiangensis S. Lee T 
Machilus pauhoi Kanehira T 
Machilus sp. T 
Melastomataceae Melastoma candidum D. Don S B 
Melastoma sanguineum Sims S B 
Mimosaceae Archidendron clypearia (Jack.) Nielsen T 
Archidendron lucidum (Bentli.) Nielsen. T 
Moraceae Ficus hitra Valil. T S B 
Myrsinaceae Ardisia fordii Hemsl. S 
Ardisia lindleyana Dietr. S B 
Ardisia quinquegona Blume S B 
Ardisia sp. S 
Embelia laeta (L.) Mez V M 
Embelia ribes Burm.f. V B 
Embelia sp. V 
Myrtaceae Baeckea frutescens L. S 
Rhodomyrtus tomentosa (Ait.) Hassk. S B BM 
Syzygium levinei (Merr.) Merr. & Perry T B 
Syzygium hancei Merr. & Perry T B 
Syzygium sp. 丁 
Pandanaceae Pandanus forceps Mart. S 
Papilionaceae Dalbergia hancei Benth. V 
Dalbergia sp. V 
Millettia nitida Benth. V 
Rhammaceae Ventilago leiocarpa Benth. V  
(to be continued) 
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Appendix 5.1 (continued). 
Family Species Life Fruit Dispersal 
form type agent 
Rosaceae Rhaphiolepis indica (L.) Lindl. T D BM 
Rosa laevigata Michx. V 
Rubus reflexus Ker V BM 
Rubiaceae Antirhea chinensis (Champ. Ex Bentli) Forbes & Hemsley S BM 
Canthium dicoccum (Gaertn.) Teysmann & Binnedijk S 
Morinda umbellata L. V B 
Mussaenda pubescens Ait.f. V 
Paederia scandens (Lour.) Merr. V 
Psychotria asiatica L. S B B 
Psychotria serpans L. V B 
Rutaceae Melicope pteleifolia (Champ, ex Benth.) T. Hartley S 
Zanthoxylum avicennae (Lain.) DC. T C B 
Sabiaceae Meliosma rigida Sieb. & Zucc. T 
Santalaceae Dendrotrophe frutescens (Benth.) Danser V BM 
Sapindaceae Sapindus saponaria L. T 
Sapotaceae Sarcosperma laurinum (Benth.) Hock. f. T B 
Smilacaceae Smilax china L. V B 
Smilax corbularia Kuntli. V B 
Smilax glabra Roxb. V 
Smilax sp. V 
Sterculiaceae Helicteres angustifolia L. S 
Sterculia lanceolata Cav. T B 
Symplocaceae Symplocos paniculata (Thimb.) Miq. T 
Tlieaceae Adinandra millettii (Hook. & Am.) Benth. & Hook. f. ex T 
Hance 
Eurya chinensis R. Br. S B 
Eurya nitida Koitli. S BM 
Thymelaeaceae Aquilaria sinensis (Lour.) Gilg. T 
Wikstroemia indica (L.) C. A. May S B 
Wikstroemia nutans Champ. S 
Verbenaceae Clerodendrum fortunatum L. S  
*Life form: T=tree, S=shrub, V=vine. 
**Fniit type: B=berry, C=capsule, D=drupe, P=pod, S=syconium. 
***Dispersal agent: B=birds, M=inaimnals, W=wind. 
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Appendix 5.2 Numbers of individuals recorded in the sites. 
No of sites Occurrence of individuals  
Species occurred P12 P29 P39 P46 
Adinandra millettii 1 2 
Alyxia sinensis 1 7 
Antirhea chinensis 1 2 
Aporusa dioica 2 11 35 
Aquilaria sinensis 1 • 3 
Archidendron clypearia 1 25 
Archidendron lucidum 3 31 71 1 
Ardisia fordii 1 18 
Ardisia lindleyana 1 2 
Ardisia quinquegona 1 51 
Ardisia sp. 2 1 11 
Baeckea frutescens 1 3 
Breynia fruticosa 3 1 i i 
Bridelia insulana 1 1 
Bridelia tomentosa 1 2 
Canthium dicoccum 1 1 
Capparis cantoniemis 1 2 
Castanopsis fissa 1 123 
Celastrus monospermus 1 3 
Clerodendrum fortunatum 3 35 9 3 
Cmtoxylum cochindinense 2 丄 1 
Dalbergia hancei 1 2 
Dalbergia sp. 1 6 
Daphniphyllum calycinum 2 1 4 
Dendrotrophe frutescens 1 1 
Desmos chinensis 2 3 12 
Diospyws morrisiana 1 3 
Embelia laeta 4 4 7 55 5 
Embelia ribes 1 g 
Embelia sp. 2 7 1 
Eurya chinensis 3 1 l_5 { 
Eurya nitida 3 \3 3 1 
(to be continued) 
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Appendix 5.2 (continued). 
No of sites Occurrence of individuals  
Species occurred P12 P29 P39 P46 
Ficus hitra 2 5 3 
Garcinia oblongifolia 1 1 
Glochidion eriocarpum 1 2 
Glochidion lanceolatum 1 J_ 
Glochidion sp. 1 1 
Glochidion whghtii 1 2 
Gnetum sp. 2 6 1 
Helicteres angustifolia 3 9 24 16 
Hypericum chinense 1 2 
Ilex asprella 3 1 12 8 
Ilex viridis 1 1 
Itea chinensis 2 2 3 
Lithocarpus glaber 2 7 4 
Litsea cubeba 1 1 
Litsea glutinosa 1 6 
Litsea routundifolia 3 13 40 40 
Lonicera sp. 1 1 
Machilus chekiangensis 1 2 
Machilus pauhoi 2 2 1 
Machilus sp. 1 31 
Mallotus paniculatus 1 3 
Melastoma candidum 3 2 7 3 
Melastoma sanguineum 3 9 4 1 
Melicope pteleifolia 2 2 2 
Meliosma rigida 1 2 
Millettia nitida 1 旦 
Mohnda umbellata 2 19 6 
Mussaenda pubescens 1 2 
Paederia scandens 1 3 
Pandanus forceps 1 1 
Phyllanthus cochinchinensis 2 148 1 
Psychotria asiatica 3 3 176 162 
(to be continued) 
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Appendix 5.2 (continued). 
No of sites Occurrence of individuals  
Species occurred P12 P29 P39 P46 
Psychotria serpans 2 5 14 
Rhaphiolepis indica 3 398 53 6 
Rhodomyrtus tomentosa 2 31 201 
Rhus succedanea 1 2 
Rosa laevigata 1 • 2 
Rourea microphylla 1 1 
Rubus reflexus 3 1 6 1 
Sapindus saponaria 1 4 
Sapium discolor 3 1 1 13 
Sarcandra glabra 2 2 44 
Sarcosperma laurimm 1 20 
Schejflem hetaphylla 2 6 6 
Scolopia chinensis 1 3 
Scolopia saeva 1 3 
Smilax china 3 3 29 5 
Smilax corbularia 1 1 
Smilax glabra 2 5 4 
Smilax sp. 1 1 
Sterculia lanceolata 1 3 
Strophanthus divaricatus 1 3 
Symplocos paniculata 2 5 1 
Syzygium hancei 1 2 
Syzygium levinei 1 \ 
Syzygium sp. 1 4 
Tetracera asiatica 2 3 13 
Ventilago leiocarpa 1 2 
Viburnum odoratissimum 1 丄 
Viburnum sempervirens 2 2 31 
Wikstroemia indica 1 1 
Wikstroemia nutans 1 2 
Zanthoxylum avicennae 3 3 4 1 
Underlined values indicate that the species were detected outside sampling plots (* Apply to the rest). 
157 * 
Appendix 5.3 Mean height (m) of the woody species recorded in the four 
plantations sample plots. The species are arranged in descending  
order of their mean heights.  
Species Life P12 P29 P39 P46 Total 
form* 
Machilus pauhoi T 140 8.76 5.18 
Sapindus saponaria T 5.00 5.00 
Syzygium sp. T 4.07 4.07 
Antirhea chinensis S • 3,96 3.96 
Lithocarpus glaber T 330 4.16 3.61 
Scolopia chinensis T 2.25 2.25 
Syzygium hancei T 2J8 2.18 
Diospyros morrisiana T 1.84 1.84 
Viburnum odomtissimum T 1.81 1.81 
Schefflera hetaphylla T 2.13 1.78 
Pandanus forceps S 1.69 1.69 
Ilex asprella S 0.10 1.18 2.31 1.56 
Glochidion lanceolatum T 1.52 1.52 
Eurya chinensis S 0.48 L40 L46 1.35 
Adinandra millettii T 1.33 1.33 
Scolopia saeva 丁 1.32 1.32 
Ventilago leiocarpa V 1.18 1.18 
Ilex viridis S 1.07 1.07 
Rosa laevigata V 1.07 1.07 
Wikstroemia nutans S 1.01 1.01 
Gnetum sp. V 1.02 0.27 0.91 
Melicope pteleifolia S • 1.14 0.82 
Eurya nitida S 0.56 3.20 0.76 
Aquilaria sinensis T 0.73 0.73 
Canthium dicoccum S o.73 0.73 
Machilus chekiangensis T 0.72 0.72 
Wikstroemia indica S 0.72 o.72 
Embelia ribes V 0.70 0.70 
Sarcosperma laurinum T 0.69 0.69 
Bridelia insulana S 0.69 0 69 
Melastoma candidum S 0.35 0.67 0.67 
Psychotria asiatica 0.12 0.41 0.96 0.67 
(to be continued) 
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Appendix 5.5 (continued). 
Species uife ~2 P27 P34 P45 T^ 
form*  
Rubus reflexus V 1.07 OM 0.15 0.67 
Zanthoxylum avicenme T 0.18 1.01 0.67 
Litsea cubeba T 0.66 0.66 
Desmos chinensis S 1.60 0.41 0.65 
Meliosma hgida T • 0.64 
Garcinia oblongifolia T 0.63 0.63 
Capparis cantoniensis V 0.61 0.61 
Psychotria serpans V 0.25 0.68 0.57 
Rhus succedanea T 0.57 0.57 
Clerodendrum fortunatum S 0.60 0.34 0.77 0.56 
Ardisia quinquegona S 0.55 0.55 
Litsea routundifolia T 0.76 0.46 0.57 0.55 
Mussaenda pubescens V 0.55 0.55 
Tetracera asiatica V 0.25 0.59 0.53 
Breyniafruticosa S 腿 OM 0.52 
Ficus hitra T 0.66 0.25 0.51 
Melastoma sanguineum S 0.65 0.15 0.42 0.49 
Cratoxylum cochindinense T 0.34 0.62 0.48 
Daphniphyllum calycinum T 0.73 0.40 0.47 
Glochidion eriocarpum S 0.46 0.46 
Symplocos paniculata T 0.40 0.68 0.45 
Strophanthus divaricatus S 0.43 0.43 
Aporusa dioica T 0.59 0.36 0.42 
Lonicera sp. V 0.42 0.42 
Syzygium levinei T 0.42 0.42 
Litsea glutinosa T 0.41 0.41 
Millettia nitida V 0.41 0 41 
Archidendron lucidum T 0.37 0.41 0.24 o.40 
Ardisia fordii S 0.40 0.40 
Rhodomyrtus tomentosa S 0.53 0.37 0.39 
Baeckea frutescens S 0.37 q 37 
Helicteres angustifolia S 0.75 0.19 0.41 
(to be continued) 
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Appendix 5.5 (continued). 
Species uife ~2 P27 P34 P45 T ^ 
form*  
Celastrus monospermus V 0.35 0.35 
Glochidion wrightii T 0.34 0.34 
Rourea microphylla V 0.32 0.32 
Itea chinensis T 0.46 0.22 0.31 
Mallotus paniculatus T G.31 0.31 
Archidendron clypearia T 0.30 0.30 
Sarcandra glabra S 0.22 0.31 0.30 
Alyxia sinensis V 0.29 0.29 
Hypericum chinense S 0.29 0.29 
Embelia laeta V 0.38 0.32 0.27 0.41 0.29 
Embelia sp. V 0.26 0.49 0.29 
Smilax sp. V 0.28 0.28 
Smilax china V 0.98 0.19 0.24 0.26 
Glochidion sp. S 0.25 0.25 
Smilax corbularia V 0.25 0.25 
Dalbergia hancei V 0.23 0.23 
Phyllanthus cochinchinensis S 0.22 0.22 
Dalbergia sp. V 0.21 0.21 
Viburnum sempervirens S 0.06 0.22 0.21 
Mohnda umbellata V 0.21 0J8 0.20 
Paedeha scandens V 0.20 0.20 
Rhaphiolepis indica T 0.20 0.18 0.26 0.20 
Castanopsis fissa T 0.19 0.19 
Sapium discolor T 0.10 0.19 0.20 0.19 
Sterculia lanceolata T 0.19 0.19 
Ardisia sp. S 0.17 0.18 0.18 
Smilax glabra V 0.16 0.18 
Machilus sp. T 0.17 0.17 
Dendrotrophe frutescens V 0.15 0.15 
Ardisia lindleyana S 0.11 0.11 
Bridelia tomentosa S 0.85 0.85 
*Life form: T=tree, S=slmib, V=vine. 
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Appendix 5.4 Mean basal diameter (cm) of the woody species recorded in the four 
plantations sample plots. The species are arranged in descending 
order of their mean basal diameter.  
Species Liife ~2 P29 P39 P46 T M 
form* 
Pandanus forceps S 15.00 15.00 
Eurya chinensis S 0.50 11.84 1.00 10.54 
Hypericum chinense S 8.60 8.60 
Machilus pauhoi T 8.90 6.87 
Syzygium sp. T 6.78 6.78 
Antirhea chinensis S 6.30 6.30 
Ilex asprella S 0.10 8.33 2.24 5.62 
Glochidion lanceolatum T 5.20 5.20 
Lithocarpus glaber T 5.40 4.55 
Viburnum odoratissimum T 4.20 4.20 
Schefflera hetaphylla T ^ 4.73 3.55 
Smilax glabra Roxb. V 6.12 0.13 3.45 
Sapindus saponaria T 2.96 2.96 
Syzygium hancei T ^ 2.80 
Scolopia chinensis T 2.43 2.43 
Scolopia saeva T 1.60 1.60 
Eurya nitida S 1.19 5.80 1.53 
Ventilago leiocarpa V 1.40 1.40 
Diospyws morrisiana T 1.37 1.37 
Adinandra millettii T 1.25 1.25 
Melastoma candidum S 1.10 0.79 2.30 1.22 
Psychotria asiatica S 0.10 0.74 1.57 1.13 
Embelia ribes V 1.10 1 10 
llexviridis S 1.10 1.10 
Wikstwemia nutans S 1.10 1.10 
Melicope pteleifolia S 墮 1.10 1.00 
Strophanthus divahcatus S 0.97 0.97 
Litsea routundifolia T 2.73 0.50 0.83 0.95 
Aquilaria sinensis T 0.93 0 93 
Zanthoxylum avicennae T 0.30 1.35 1.10 0.93 
Ardisia quinquegona S 0.91 0.91 
(to be continued) 
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Appendix 5.5 (continued). 
Species uife ~2 P27 P34 P45 T^ 
form*  
Bhdelia insulana S 0.90 0.90 
Desmos chinensis S 2/70 0.43 0.88 
Meliosma rigida T 0.85 
Mussaenda pubescens V 0.85 0.85 
Canthium dicoccum S “ 0.80 0.80 
Glochidion wrightii T 0.80 0.80 
Daphniphyllum calycinum T 1.80 0.53 0.78 
Sarcosperma laurimm T 0.78 0.78 
Melastoma sanguineum S 1.04 0.15 0.70 0.76 
Syzygium levinei T 0.70 0.70 
Wikstroemia indica S 0.70 0.70 
Rubus reflexus V 0.60 QJJ 0.20 0.68 
Machilus chekiangensis T 0.65 0.65 
Baeckea frutescens S 0.63 0.63 
Breyniafruticosa S LOO 0.62 
Capparis cantoniensis V 0.60 0.60 
Dalbergia hancei V 0.60 0.60 
Garcinia oblongifolia T 0.60 0.60 
Glochidion sp. S 0.60 0.60 
Lonicera sp. V 0.60 0.60 
Archidendron lucidum T 0.43 0.65 0.20 0.58 
Ardisiafordii S 0.58 0.58 
Celastms monospermus V 0.57 0.57 
Aporusa dioica T 0.88 0.44 0.55 
Cratoxylum cochindinense T 0.10 1.00 0.55 
Ficus hitra T 0.74 0.23 0.55 
Clerodendrum fortunatum S 0.62 0.21 0.53 0.54 
Symplocos paniculata T 0.44 0.90 0.52 
Millettia nitida V 0.51 0.51 
Rosa laevigata V 0.50 
Dalbergia sp. V 0.48 0.48 
Litsea glutinosa T 0.48 0.48 
(to be continued) 
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Appendix 5.5 (continued). 
Species uife ~2 P27 P34 P45 T ^ 
form*  
Rhodomyrtus tomentosa S 0.78 0.43 0.48 
Tetracera asiatica V OJO 0.49 0.45 
Embelia laeta V 0.80 0.27 0.43 0.36 0.43 
Archidendron clypearia T 0.40 0.40 
Mallotus paniculatus T 0.40 0.40 
Rhus succedanea T 0.40 0.40 
Embelia sp. V 0.27 1.20 0.39 
Gnetum sp. V 0.42 0.20 0.39 
Glochidion eriocarpum S ‘ 0.35 0.35 
Ardisia sp. S 0.20 0.35 0.34 
Alyxia sinensis V 0.33 0.33 
Helicteres angustifolia S 0.58 0.23 0.29 0.31 
Sarcandra glabra S 0.20 0.31 0.31 
Litsea cubeba T 0.30 0.30 
Smilax sp. V 0.30 0.30 
Itea chinensis T 0.45 0.17 0.28 
Sterculia lanceolata T 0.27 0.27 
Ardisia lindleyana S 0.25 0.25 
Bridelia tomentosa S 0.19 0.25 
Smilax china V 0.40 0.13 0.80 0.24 
Phyllanthus cochinchinensis S 0.22 0.50 0.22 
Castanopsis fissa T 0.21 0.21 
Viburnum sempervirens S 0.60 0.19 0.21 
Dendwtrophe frutescens V 0.20 0.20 
Paederia scandens V 0.20 0.20 
Rourea microphylla V 0.20 0.20 
Smilax corbularia V 0.20 0.20 
Machilus sp. T 0.19 0.19 
Psychotria serpans V 0.20 0.19 0.19 
Sapium discolor T 0.20 0.10 0.19 0.18 
Morinda umbellata V 0.15 0.20 0.16 
Rhaphiolepis indica T 0.13 0.18 0.22 0.14 
*Life form: T=tree, S=slirub, V=vine. 
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Appendix 5.5 Importance values (I.V.) of the woody species recorded in the four 
plantations sample plots. The species are arranged in descending order 
of total I.V.  
Species Life ~2 P27 P34 P45 T ^  
form*  
Machilus pauhoi T 66.75 123.53 190.28 
Eurya chinensis S 34.51 101.65 26.61 162.77 
Lithocarpus glaber T 69.74 63.97 133.71 
Ilex asprella S 1.22 85.04 34.44 120.70 
Rhodomyrtus tomentosa S 88.64 29.86 “ 118.50 
Clerodendrum fortunatum S 89.81 5.08 14.56 109.45 
Psychotria asiatica S 1.44 43.20 60.66 105.3 
Rubus rejlexus V 75.66 14.00 2.18 91.84 
Smilax china V 71.39 5.17 5.'51 82.07 
Archidendwn lucidum T 54.27 24.16 3.40 81.83 
Melastoma sanguineum S 67.77 2.23 7.83 77.83 
Helicteres angustifolia S 61.40 5.88 9.24 76.52 
Eurya nitida S 8.81 16.15 45.51 70.47 
Schefflera hetaphylla T 29.65 37.99 67.64 
Syzygium sp. T 66.89 66.89 
Embelia laeta V 33.8 4.40 15.94 6.35 60.49 
Antirhea chinensis S 58.74 58.74 
Ficus hitra T 54.27 3.8 58.07 
Melastoma candidum S 29.77 8.39 18.03 56.19 
Rhaphiolepis indica T 31.13 11.78 4.49 47.40 
Litsea routundifolia T 13.74 16.15 15.07 44.96 
Capparis cantoniensis V 44.73 44.73 
Symplocos paniculata T 31.67 12.54 44.21 
Sapindus saponaria T 39.30 39.30 
Desmos chinensis S 31.09 5.85 36.94 
Pandanus forceps S 36.78 36.78 
Zanthoxylum avicennae T 2.45 18.53 13.89 34.87 
Scolopia chinensis T 32.03 32.03 
Syzygium hancei T 30.76 30.76 
Phyllanthus cochinchinensis S 20.51 10.16 30.67 
Glochidion lanceolatum T 28.08 28.08 
Sarcandra glabra S 16.61 9.73 26.34 
(to be continued) 
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Appendix 5.2 (continued). 
Species Life T n P27 P34 P45 T ^  
form*  
Breynia fruticosa S 3.46 9.25 13.47 26.18 
Diospyros morrisiana T 25.70 25.70 
Melicope pteleifolia S 9.49 15.81 25.30 
Adinandra millettii T 24.65 24.65 
Aporusa dioica T 13.85 10.18 24.03 
Viburnum odomtissimum T 19.99 19.99 
Daphniphyllum calycinum T 13.62 6.09 19.71 
Scolopia saeva T 18.79 18.79 
Glochidion sp. S 18.72 18.72 
Castanopsis fissa T 18.18 18.18 
Ardisia quinquegona S 17.29 17.29 
Ventilago leiocarpa V 16.44 16.44 
Paederia scandens V 16.18 16.18 
Bridelia tomentosa S 15.83 15.83 
Gnetum sp. V 11.8 3.81 15.61 
Tetracera asiatica V 5.15 10.06 15.21 
Cratoxylum cochindinense T 6.35 8.60 14.95 
Psychotria serpans V 3.51 11.40 14.91 
Rosa laevigata V 14.75 14.75 
Ilex vihdis S 14.71 14.71 
Smilax glabra V 9.85 4.65 14.50 
Wikstroemia nutans S 14.12 14.12 
Hypericum chinense S 13.27 13.27 
Sarcosperma laurinum T 13.01 13.01 
Litsea cubeba T 12.13 12.13 
Embelia ribes Burnt V 11.18 11.18 
Embelia sp. V 3.78 6.87 10.65 
Aquilaha sinensis T 10.49 10.49 
Mussaenda pubescens V 10.47 10.47 
Ardisiafordii S 10.13 10.13 
Canthium dicoccum S 10.07 10.07 
Machilus chekiangensis T 10.03 10.03 
Bridelia insulana S 9.54 9 54 
(to be continued) 
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Appendix 5.5 (continued). 
Species uife ~2 P27 P34 P45 T ^ 
form*  
Sapium discolor T 1.22 3.65 4.65 9.52 
Meliosma rigida T 8.99 8.99 
Litsea glutinosa T 8.80 8.80 
Garcinia oblongifolia T 8.70 8.70 
Glochidion eriocarpum S 8.67 8.67 
Itea chinensis T 5.16 3.39 8.55 
Morinda umbellata V 3.91 4.62 8.53 
Viburnum sempervirens S 1.61 6.60 8.21 
Wikstroemia indica S 7.79 7.79 
Archidendron clypearia T 7.63 7.63 
Millettia nitida V 6.65 6.65 
Rhus succedanea T 6.37 6.37 
Mallotus paniculatus T 6.36 6.36 
Machilus sp. T 6.34 6.34 
Ardisia sp. S 1.96 4.22 6.18 
Syzygium levinei T 5.87 5.87 
Lonicera sp. V 5.86 5.86 
Celastrus monospermus V 5.30 5.30 
Stwphanthus divaricatus S 5.19 5.19 
Dalbergia sp. V 5.08 5.08 
Alyxia sinensis V 4.98 4.98 
Dalbergia hancei V 4.56 4.56 
Rourea microphylla V 4.48 4.48 
Baeckea frutescens S 4.42 4.42 
Smilax sp. V 3.95 3.95 
Glochidion wrightii T 3.92 3.92 
Smilax corbularia V 3.54 3.54 
Sterculia lanceolata T 3.04 3.04 
Ardisia lindleyana S 2.36 2.36 
Dendrotrophe frutescens V 2.18 2.18 
*Life form: T=tree, S=shrub, V=vine. 
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Appendix 5.6 List of woody species found in both L confertus plantations � and 
acacia plantations � 
Family Species 
Anacardiaceae Rhus succedanea L. 
Apocynaceae Strophanthus divaricatus (Lour.) HK. & Am. 
Aquifoliaceae Ilex asprella Champ. 
Araliaceae Schefflera hetaphylla (L.) D.G. Frodin 
Caprifoliaceae Viburnum sempervirens K. Koch. 
Cliloranthaceae Sarcandra glabra (Thunb.) Nakai 
Connaraceae Rourea microphylla (Hook. & Am.) Planch. 
Dapliniphyllaceae Daphniphyllum calycinum Bentlv 
Dilleniaceae Tetracera asiatica (Lour.) Hoogland 
Euphorbiaceae Aporusa dioica (Roxb.) Muell. Arg. 
Breynia fruticosa (L.) Hook. f. 
Glochidion eriocarpum Champ, ex Benth. 
Glochidion wrightii Benth 
Sapium discolor (Champ, ex Benth.) Muell. Arg. 
Flacourtiaceae Scolopia chinensis (Lour.) Clos 
Grossulariaceae Itea chinensis Hook. & Am. 
Guttiferae Cratoxylum cochindinense (Lour.) Blume 
Garcinia oblongifolia Champ, ex Benth. 
Lauraceae Litsea cubeba (Lour.) Pers. 
Litsea routundifolia Hemsl. var. oblongifolia (Nees) Allen 
Melastomataceae Melastoma candidum D. Don 
Melastoma sanguineum Sims 
Mimosaceae Archidendron lucidum (Benth.) Nielsen. 
Moraceae Ficus hitra Valil. 
Ardisia sp. 
Myrsinaceae Embelia laeta (L.) Mez 
Embelia ribes Burm.f. 
Myrtaceae Baeckea frutescens L. 
Rhodomyrtus tomentosa (Ait.) Hassk.  
(to be continued) 
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Appendix 5.6 (continued). 
Family Species 
Rosaceae Rhaphiolepis indica (L.) Lindl. 
Rubus reflexus Ker 
Rubiaceae Mussaenda pubescens Aitf. 
Paederia scandens (Lour.) Merr. 
Psychotria asiatica L. 
Psychotria serpans L. 
Rutaceae Zanthoxylum avicennae (Lam.) DC. 
Smilacaceae Smilax china L. 
Smilax corbularia Kunth. 
Smilax glabra Roxb. 
Sterculiaceae Helicteres angustifolia L. 
Theaceae Adinandra millettii (Hook. & Am.) Benth. & Hook. f. ex Hance 
Eurya chinensis R. Br. 
Thymelaeaceae Wikstroemia indica (L.) C. A. May 
Verbenaceae Clewdendrum fortunatum L.  
�Extracted from Appendix 5.1 of present study. 












. . . .
 . , . . . . - •

































































 . . .
 . . .










 . . . .
 
• • • r
 
• 
- . . ； . . - 」 " .
. v ‘ . 、 v
 
• : • 
.











. . : . . . . ‘ . . ， . . . .
 . . 」 . • . . . 广



























 . . .
 -
 ,
















C U H K L i b r a r i e s 
_ _ _ _ 
• O M m t i o i 
！5> 
